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QencraC Introduction 
INTRODUCTION 
Analytical chemistry is concerned with the chemical characterisation of matter. 
Chemicals make up everything we use or consume, and knowledge of the chemical 
composition of many substances is important in our daily lives. Analytical chemistry 
plays an important role in nearly all aspects of chemistry, for example, agricultural, 
clinical, environmental, forensic, manufacturing, metallurgical, and pharmaceutical 
chemistry. The discipline of analytical chemistry consists of qualitative analysis and 
quantitative analysis. The former deals with the identification of elements, ions, or 
compounds present in a sample while the latter deals with the determination of how much 
of one or more constituents is present. The sample may be solid, liquid or gas. Qualitative 
tests may be performed by selective chemical reactions or with the use of 
instrumentation. For quantitative analysis, a history of the sample composition will often 
be known (it is known that blood contains glucose), or else the analyst will have 
performed a qualitative test prior to performing the more difficult quantitative analysis. 
Simple qualitative tests are usually more rapid than quantitative procedures. 
The method employed for the actual quantitative measurement of the analyte will depend 
on a number of factors, not the least important being the amount of analyte present and 
the accuracy and precision required. Many available techniques possess varying degrees 
of selectivity, sensitivity, accuracy and precision, cost and rapidity. Gravimetric 
analysis usually involves the .selective .separation of the analyte by precipitation followed 
by the very nonselective measurement of mass (of the precipitate). In volumetric or 
titrimetric analysis, the analyte reacts with a measured volume of reagent of known 
concentration, in a process called titration. 
Instrumental techniques are used for many analyses and constitute the discipline of 
instrumental analysis. They are based on the measurement of a physical property of the 
sample, for example, an electrical property or the absorption of electromagnetic radiation. 
Examples are spectrophotometry (ultraviolet, visible or infrared), tluorimetry, atomic 
spectroscopy (absorption, emission), mass spectrometry, nuclear magnetic resonance 
spectrometry (NMR), X-ray spectroscopy (absorption, fluorescence), electroanalytical 
chemistry (po(en(iometric, voltammelric, electrolytic), chromatography (gas, liquid), and 
radiochemisiry. Instrumental techniques are generally more sensitive and selective than 
the classical techniques but are less precise, on the order of 1% or so. They are usually 
more rapid, may be automated and may be capable of measuring more than one analyte at 
a time. 
Chromatography techniques are particularly powerful for analyzing complex mixtures. 
They perform the separation and measurement step simultaneously. Constituents are 
separated as they are washed down (eluted from) a column of appropriate material that 
interacts with the analytes to varying degrees and the analytes are sensed with an 
appropriate detector as they emerge from the column, to give a transient peak signal, in 
proportion to the amount of analyte. Table 1 compares various analytical methods with 
respect to sensitivity, precision, selectivity, speed and cost. 
Table 1. Comparisons of Different Analytical Methods 
Method 
Gravimetry 
Titrimetry 
Potentiometry 
EJectrogravimetry, 
coulometry 
Voltametry 
Spectrophotometry 
Fluorometry 
Atomic 
Spectroscopy 
Cliromatography 
Kinetic Methods 
Approx. 
Range, 
moI/L 
10-'-10-^ 
10"'-lO"" 
10-'-10-'' 
10"'-10^ 
10-^-10-'° 
10-'-10'" 
IQ-^'-IO"' 
1 0 ' - 10" 
10-^-10-" 
10-=-lo-'" 
Approx. 
Precision, 
% 
0.1 
0.1-1 
2 
0.01-2 
2 - 5 
2 
2-5 
2 - 10 
2 - 5 
2 - 10 
Selectivity 
Poor-
moderate 
Poor-
moderate 
Good 
Moderate 
Good 
Good -
moderate 
Moderate 
Good 
Good 
Good-
moderate 
Speed 
Slow 
Moderate 
Fast 
Slow-
moderate 
Moderate 
Fast-
moderate 
Moderate 
Fast 
Fast -
moderate 
Fast-
moderate 
Cost 
Low 
Low 
Low 
Moderate 
Moderate 
Low -
moderate 
Moderate 
Moderate 
- high 
Moderate 
- high 
Moderate 
Principal Uses 
Inorg. 
Inorg., org. 
Inorg. 
Inorg., org. 
Inorg., org. 
Inorg., org. 
Org. 
Inorg., 
multielement 
Org., 
multicompoMC 
nt 
Inorg., org., 
enzymes 
CHROMATOGRAPHY 
Chromatography is a method of separating a mixture into its various components. It 
makes use of heterogenous equilibrium established during the flow of a solvent called the 
mobile phase through a fixed (stationary) phase to separate two or more components 
from material carried by the solvent. The stationary phase can be either solid or liquid. 
The mobile phase can be either liquid or gas. Thus, chromatography can be classified as 
a) liquid - solid b) liquid - liquid c) gas - solid and d) gas - liquid. 
Chromatography has been defined by Cassidy [1] as "a separation process applicable to 
essentially molecular mixtures which relies on distribution of the mixture between an 
essentially two dimensional or thin phase and one or more bulk phases which are 
brought into contact in a differential countercurrent manner". The word 
''Chromatography^ was first used by Russian botanist Michael Tswelt (1906) to describe 
separation of plant pigments, which was effected by passing an extract of green leaves 
through a column packed with fine grains of calcium carbonate. Since the separation 
results into formation of a series of coloured zones, the name ''Chromatography'", derived 
from Greek words chromatus and graphein, meaning "colour" and "to write" was used 
by him. After the initial work of Tswett, a wide variety of independent techniques that 
have little or nothing to do with colour have.come to be called chromatography. From it's 
infancy, chromatography has grown in significance and popularity to become a leading 
technique of analysis. 
Separation methods are an important part of analysis, and chromatography has developed 
into the premier analytical separation technique. Chromatography's rapid development 
can be attributed to its relative simplicity and the successful application of theory to 
practice. Furthermore, when equipped with sensitive detectors, chromatographs are 
capable of performing highly accurate quantitative analysis. 
High - Performance Chromatography began with the publication of Martin and James's 
article on gas chromatography in 1952 [2]. It is certainly true that their publication on the 
use of gas as a mobile phase in the separation of volatile fatty acids initiated the research 
that has resulted in the widespread use and popularity of chromatography. 
Although chromatography entered a new phase in the early 1950s, the work of the 
Russian botanist Tswett (generally referred to as the Father of Chromatography), 
originally presented in 1903 and published in 1906, described the separation of plant 
pigments by column liquid chromatography. Further information about Tswett and his 
work has been published by Ettre [3]. The chronological development of separation 
techniques after Tswett's discovery of chromatography are presented in Table 2. 
Table 2. Chronological Development of Chromatographic Separation Techniques 
Authors 
M.S. Tswett 
P. Konig 
N.A. Izmailov and M.S. 
Schraiber 
A.J.P. Martin and R.L.M. 
Synge 
A.J.P. Martin, R. Consden 
and A.H. Gordon 
L.C. Craig 
S. Claesson 
S.W. Mayer and E.R. 
Tompkins 
J.G. Kirchner, J.M. Miller 
and G..I. Keller 
A.T. .lames and A..I.P. 
Martin 
.1. Porath and F. Flodining 
J.J. Kirkland, C.S. Horvath 
and J.P.K. Hitcr 
E. Kiespepr, A.H. Carwin 
and D.A. Turner 
J.C. Moore 
H. Small, T.S. Stevens and 
W.C. Bavaman 
A. Zlatkis and R.E. Kaiser 
E. Tyihak, E.Mincsovics 
and II. Kiihisz 
Year of 
Origin 
1906 
1937 
1938 
1941 
1944 
1944 
1946 
1947 
1951 
1952 
1959 
Late 1960 
1962 
1964 
1975 
1976 
1979 
Separation Technique 
Adsorption Chromatography 
Electrophoresis 
Thin-Layer Chromatography (Adsorption) 
Liquid-Liquid Partition Chromatography 
Paper Chromatography 
Counter Current Chromatography 
Gas - Solid Chromatography 
Ion - Exchange Chromatography 
Thin-Layer Chromatography (Partition) 
Gas - Liquid Chromatography 
Gel-Filtration Chromatography or Size-
Exclusion Chromatography 
High-Performance Liquid (HPLC) 
Super Critical Fluid Chromatography 
(SFC) 
Gel-Permeation Chromatography 
Ion - Chromatography 
High Performance Thin-Layer 
Chromatography 
Over-Pressurized Layer Chromatography 
Table 3. Classification of Chromatographic Methods 
. S.No. 
1. 
2. 
3. 
Types of 
Chromatography 
Adsorption 
Chromatography 
Partition 
Chromatography 
Modified 
Partition (or 
Bonded Phases) 
Chromatography 
Remark 
The retention behaviour of the solute 
depends upon the selective interaction 
with the surface of solid adsorbent. 
The distribution of solutes takes place 
between two immiscible liquids. In 
normal-phase chromatography, more 
polar liquid (e.g. water rich) is the 
stationary phase whereas reverse (i.e. less 
polar stationary phase and more polar 
mobile phase) is used in the case of 
reversed - phase partition 
chromatography. It is a powerful tool for 
the separation of members of a 
homologous series 
Application of liquid chromatography are 
now made on chemically modified 
(bonded phase) silica layers or column. 
The surface modification is done by 
chemical reaction between silanol groups 
or compounds having cyano, amino and 
other groups in the alkyl chain. The 
column or layer materials bearing bonded 
alkyl chains are used for reversed-phase 
chromatography to achieve more selective 
separation substances of very close 
polarities 
Examples 
Column 
chromatography, Thin 
- Layer 
Chromatography, Gas 
- Solid 
Chromatography 
Paper 
Chromatography, 
Reversed - Phase Thin 
- l.aycr 
Chromatography, 
Classical Liquid -
Liquid 
Chromatography 
High - Performance 
Liquid 
Chromatography 
(HPLC) and High -
Performance Thin -
Layer Chromatography 
(HPTLC) 
S.No. Types of 
Chromatography 
Ion Exchange 
Chromatography 
Exclusion 
Chromatography 
Remark 
The Stationary phase in ion exchange 
chromatography is micro porous polymer 
to which anionic and cationic exchange 
groups are attached. The retention he or 
separation of solutes is based upon 
differences in the exchange potential 
between various ions of the ion-exchanger 
packed in the column 
Examples 
Cation and Anion 
Exchange 
Electro-
chromatography 
In size exclusion chromatography the 
solid support is a porous polymer with a 
controlled pore size. The components are 
separated according to their size or 
molecular geometry in solution. The 
macro compounds are excluded by the 
stationary phase and emerge out first 
whereas the smaller constituents are 
retained in pores of the adsorbent. The 
size, exclusion may be penoniied \n 
aqueous systems (gel llhration), or in Non 
- aqueous systems (gel permeation} 
Ion-Exclusion and Gel 
Permeation 
Chromatography, 
Molecule Sieve 
Chromatography 
In this case, separation is b&scd upon the 
difference in mobility of different ions 
under the application (;f an externa! DC 
potential. Ions with higher mobility (e.g. 
Na") move faster compared to those with 
low mobility under the influence of direct 
electric current facilitating good 
separations. Capillary zone 
electrophoresis allows separation of 
i 
metals at n.'inogram coiiceritrafion levels. ! 
Capillary and Zone 
Electrophoresis 
— t 
THIN LAYER CHROMATOGRAPHY 
Thin - layer chromatography (TLC) a subdivision of liquid chromatography is carried out 
on a flat surface and hence it is sometimes referred to as planar chromatographic 
separation technique. In TLC, the mobile phase (a liquid) migrates through the stationary 
phase (thin layer of porous sorbent on a flat inert surface) by capillary action. This 
technique is simple, versatile and inexpensive for separating and identifying the 
components of complex mixtures of inorganic, organic and biochemical substances. 
The beginning of TLC can be ascribed to the report of Dutch biologist, Beyerink [4] who 
separated hydrochloric and sulfuric acids in the form of fine rings on thin layer of gelatin 
using a visualizing agent. Following the same method, Wijsman [5] identified the 
presence of tv/o enzymes in malt diastase using a fluorescent method for detecting 
separated enzymes on thin layer. He used the bacteria obtained from sea water as 
fluorescent agent. However, the invention of TLC is usually credited to two Russian 
Scientists; N.A. kmailov and M.S. Schraiher, who used binder free horizontal thin layers 
(2 mm thick) of alumina spread on glass plate to the analysis of pharmaceutical 
preparations which led to the publication of their classical paper [6] on "A Spot 
Chromatographic Method of Analysis and its Application in Pharmacy" in 1938. Since 
their method consists of depositing a drop of sample solution being investigated and the 
development by the application of several drops of solvent on flat surface of adsorbent 
before observing the separated zones, it was called "Drop Chromatography or Spot 
Chromatography". They also pointed out the usefulness of this method for preliminary 
testing of .sorbent properties before their utilization in the form of column. Though 
kmailov is best known for his fundamental work on TLC, his main field of interest was 
electrochemistry for which he received the Mcndcleiv Prize of the Academy of Science 
of USSR in 1961. 
In 1939, Brown developed a useful technique called "Circular Paper Chromatography" 
which involves the placing of filter paper between two glass plates and the application of 
sample and the developing solvent through a small hole of the upper plate. To obtain 
stronger adsorbent, he proposed the use of a thin layer of alumina between two sheets of 
paper. In 1940, Lapp and Erali used a loose layer of alumina spread on a glass slide that 
was supported on an inclined aluminium sheet. This sheet was cooled at its upper end and 
heated at the lower end. The sample was placed at the top of the adsorbent layer and 
gradually developed by solvent descending movement. The use of heat at the lower end 
of the layer increased the evaporation rate of the solvent so that increased development 
could take place [7]. It is interesting that, in 1949 two American Chemists, Meinhard and 
Hall [8] gave the concept of Surface Chromatography and described their work on the 
use of microscope slides coated with a mixture of alumina (an adsorbent) and celite (a 
binder) to separate t'c"' and Zn"^ Their work was probably the first application of TLC 
for the separation of inorganic ions. Since 1958, when Stahl introduced the term "Thin 
Layer Chromaiography" and standardized procedures, materials and nomenclature [9, 
10], the effectiveness of this technique for separation was realised. 
A major breakthrough in the field of TLC came in the early 1960's with the availability 
of precoated plates [11]. It had recently been realised that modern high performance thin 
layer chromatography (HPTLC) initiated in 1975, rivals high pressure liquid 
chromatography (HPLC) and gas chromatography (GC) in its ability to resolve complex 
mixtures and to provide analyte quantification. 
TLC is the most widely used chromatographic method because of the following reasons, 
(a) Being an off-line technique, various procedural steps can be carried out 
independently, (b) Possibility of simultaneous analysis of large number of samples, (c) 
Wider choice of mobile and .stationary phases (d) Disposable nature of TLC plates (e) 
Possibility of direct observation of colourful reactions on TLC Plates (f) Reasonable 
sensitivity and resolution capability. Numerous publications on TLC applications attest to 
the versatility and applicability of this technique in all branches of science. It has opened 
new fields of exploration and become an invaluable aid to separation scientists. 
TLC can be used for (a) analysis (to identify the presence or absence of a particular 
substance in a mixture) (b) quantitative analysis (to determine precisely and accurately, 
the amount of particular substances in a sample mixture) and (c) preparative analysis (to 
purify and isolate a particular substance for subsequent use). All three cases require the 
common procedures of sample application, chromatographic separation and sample 
component visualization. However, analytical TLC differs from preparative TLC as the 
sample solution/or amount is applied on thinner layers in the former case, whereas thicker 
TLC plates are used for preparative TLC. 
TLC PROCEDURE 
The TLC process is an off-line process in which all the procedural steps, depicted in 
Figure 1 are carried out independently. The basic TLC procedure involves the spotting of 
sample mixture (5-10 [iL) at about 2 cm above the lower edge of the TLC plate, drying 
the spot (usually at room temperature). Development of plate with suitable mobile phase 
to a distance of 8-10 cm inside a cylindrical or rectangular closed chamber by ascending 
technique, withdrawing plate from the developing chamber, drying the layer at room 
temperature to remove the mobile phase, detection of spots on TLC plate using suitable 
detection reagent, measurement of RF values of the resolved spots and the quantitative 
estimation of the analyte after extraction from the layer with suitable extractant. The 
differential migration of components results due to varying degrees of affinity of the 
components in a mixture for stationary and mobile phases. 
SAMPLE PREPARATION 
Standard methods for sample preparation identification and separation of analyte present 
in a variety of samples such as plants, food, biological, geological and environmental 
samples have been reported. In general, solutions of the surfactants are prepared by 
dissolving appropriate weights in methanol to give concentrations of 1% (Ig/lOOml). 
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TLC PLATES PREPARATION OR COATING PROCEDURES 
The contemporary trend is of using commercially available precoated plates. The manual 
preparation of layers involves the coating of slurry of the adsorbent (silica gel, alumina 
and kcisclguhr) on glass, aluminium or plastic sheet (20x20 or 20x10 cm) with the help 
of TLC applicator. The thickness of dried layer for analytical purposes is kept to 0.2-0.3 
mm. A binder (starch, gypsum, dextrin or polyvinyl alcohol) is usually added to the layer 
material to provide better adhesion mechanical stability and durability. 
SAMPLE APPLICATION 
Sample application is one of the most important steps in the technology of TLC. 
Improperly applied samples result in poor chromatograms. Sample can be applied as spot 
or streak using micropipette, microsyringe, melting point capillaries etc. A number of 
automatic spotters of varying design are available for sample application. The 
nanoapplicator (Nanomat) is an example of micrometer controlled syringes which has a 
dynamic volume range of 50-230 nL. Another applicator (Linomat) allows sample 
application in narrow bands. The application of sample as streak or band provides more 
efficient separations. The sample should be completely dried before placing the plate in 
the developing chamber. Dilute solutions can be applied to the layer either with sorbent 
drying between successive applications or after bringing the sample solution. 
DEVELOPMENT MODES 
The process of migration of mobile phase through the sorbent layer to effect separation of 
the sample substance is called development. Ascending development has been the most 
commonly used mode of development in TLC. Other development modes such as 
multiple, stepwise, circular two-dimensional and reversed-phase partition development 
have also been used to limited extent. The distance for the migration of mobile phase has 
been kept to 10-12 cm for conventional TLC. While performing the development, one 
should take care of the angle of the development and saturation of chamber apart from 
other factors. 
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Sample Preparation 
Relatively Pure Component Crude Extract 
Sample Purification 
Sample Application 
Spotting/Streaking 
One or Two Dimensional 
Plate Development 
Roiom Temp, or Elevated Temp. 
Drying of Chromatogram 
Visual Reagent Spray, UV Scanning 
Zone Detection 
Optical 
Component Removal 
Evaluation or Recording the Chromatogram 
Documentation and 
Reporting of Results 
Fig. 1 Scheme of typical Thin Layer Chromatographic process 
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CHROMATOGRAPHIC SYSTEMS 
The optimum conditions for separation in TLC are yielded through mutual harmonization 
of stationary and mobile phases. 
STATIONARY PHASE (ADSORBENT) 
A large number of sorbents are available which can be used in TLC. In fact no perfect 
adsorbent has been found, some have great retaining power whereas others hold the 
adsorbate loosely. The adsorbing power of a substances varies greatly according to its 
particle size, method of preparation, activation process etc. 
A good adsorbent should possess the following characteristics: 
1. The adsorbent must not chemically interact with the materials being investigated. 
2. The colour of the adsorbent should be such that it does not interfere with the 
chromatogram, preferably it should be colourless. 
3. The adsorbent should be insoluble in the solvent to be used. 
4. It should be non-catalytic i.e. should not catalyze the decomposition of the 
substances. 
5. The physical and chemical properties of one adsorbent should not change under 
the experimental conditions. 
Some commonly used sorbents are silica gel, alumina, cellulose and kieselguhr 
(diatomaceous earth). 
Silica gel is the most frequently used layer material. It is slightly acidic in nature. At the 
surface of silica gel the free valencies of the oxygen are connected either with hydrogen 
of silanol (Si-OH) groups (Fig.2) or with another silicon atom of siloxane (Si-O-Si) 
groups. The silanol groups represent adsorptive active surface centers that are capable to 
interact with solute molecules. The ability of the silanol groups to react chemically with 
appropriate reagents is used for controlled surface modifications. Hence, silica gel is 
considered as the most favoured layer material in chromatography. 
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OH 
0 
n-^r\ / ^r. /Si— 
0 ^Si^ 0-Si-o-Si^ 
/ 
Fig.2 Structure of silica gel 
Alumina (aluminium oxide, AI2O3) is also widely used as a sorbent. it is more reactive 
than silica gel, but for a given layer thickness it will not separate quantities of material as 
large as can be separated on silica layer. Adsorption is the separation mechanism in both 
silica gel and alumina. The surface -active centers of alumina are hydroxy! groups and 
oxide ions. In aqueous suspensions, alumina surface is capable to bind with metal ions, 
anions or metal complexes. Chromatographic properties of alumina are influenced by the 
adjustment of pH value. Three ranges of pH values have proved suitable for alumina i.e. 
pH values of 9-10 (basic alumina), pH values 7-8 (neutral alumina) and pH values 4-4.5 
(acidic alumina). 
Cellulose can be added as a sorbent in TLC when it is convenient to perform a given 
paper chromatographic separation by TLC in order to decrease the time required for the 
separation or to achieve increased detection sensitivity. In general, two types of cellulose 
such as (i) native cellulose and (ii) microcrystalline cellulose are in use. Native cellulose 
is ilbrous and has a degree of polymerization of 400-500 glucose units whereas 
microcryslalline cellulose consists of approximately 40-200 of glucose units. Cellulose is 
mainly used in partition TLC for the separation of relatively polar compounds. 
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Kicsclguhr is chemically neutral sorbent which consists of Si02 (90%) and about 10% of 
AI2O3, Fe203, MgO, NaiO, K2O, CaO and Ti02 in different proportions. Kieselguhr has 
very low surface activity and hence used mostly to separate herbicides and aflatoxins in a 
partition chromatographic mode. 
The various types of sorbent layers presently in use may broadly be clubbed together as 
follows: 
a) Non-surface Modified Layers or Untreated Sorbents 
The sorbent phases used in the non-modified form include silica gel G, silica gel 
H, silica gel LS, acidic and neutral alumina, cellulose, polyacrylonitrile etc. 
b) Impregnated or Treated Sorbents 
To broaden the range of selectivity of above mentioned layer materials in (a), 
several workers attempted to used these materials after impregnation to a definite 
degree with buffers, metal ions, chelating agents or high molecular weight organic 
liquids. Some of the impregnated adsorbents used as layer material include: silica 
gel impregnated with aqueous inorganic salt solutions, acid treated silica gel; 
silica gel impregnated with chlorobenzene, high molecular weight amines, 
tribiitylamine, tributyl phosphate, chelating agents such as EDTA, ammonium 
rhodenate or mixture of alizarin red S and aliquat 336; silica gel impregnated with 
surfactants, mono-(2-ethylhexyl) acid phosphate or p-toluidine and silufol 
impregnated with 5% paraffin oil. 
c) Chemically Modified or Bonded Sorbents 
The impregnated layers as mentioned in (b) suffer from the limitations such as (i) 
the impregnants are eluted to some extent by the mobile phases used and (ii) the 
stripping of liquid stationary phase from the support by incompatible mobile 
phases. 
To overcome these problems, chemically bonded layer materials of similar 
properties were developed for safer use as stationary phase. Some of the examples 
are: lipophillic Cis-bonded silica gel phases, aminopropyl silica gel (NH2), 
ocladccyi silica gel (Cu) and surface modified cellulose like ECTEOLA (a 
reaction product of epichlorohydrin triethanolamine and alkali cellulose). 
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d) Inorganic Ion - Exchangers 
Apart from silica and alumina, other inorganic ion-exchangers have also found 
use in TLC. Besides many others, the use of stannic silicate, zirconium 
phosphoantimonate, zinc ferrocyanide, stannic sulfosalicylate, binder free 
zirconium (iv) antimonate and hydrous antimony (v) oxide as layer material has 
also been reported. 
e) Mixed Sorbents 
Mixed layers (impregnated and non-impregnated) have been used by several 
workers for achieving enhanced resolution of components. Mixed layers are 
usually of medium activity as compared to the separated phases. The addition of 
kieselguhr in silica generally reduces the activity of silica, resulting in a new 
sorbent layer with altered activity that is capable of providing peculiar 
separations, not possible on separated phases. The binary layers that have been 
used include silica gel-microcrystalline cellulose (MCC) containing NH4NO3, 
silica gel G-MCC, silica gel-inorganic ion-exchange gels or Zr (IV) antimonate, 
MCC-modified silica gel H, silica gel-alumina or antimonic acid and kieselguhr-
cellulose. 
f) Miscellaneous Sorbents 
The layer materials that are less familiar or introduced recently in TLC have been 
put under this category. These materials include silufol; silufol UV 254;silufol 
with a layer of silica gel; soil; soil-flyash, soil treated with neutral, alkaline and 
saline solutions; soil mixed with silica gel and kieselguhr etc. 
MOBILE PHASE (solvent system) 
In liquid chromatography including TLC, the mobile phase exerts a decisive influence on 
the separation. Various optimization schemes (Windows diagram, overlapping resolution 
maps, simplex method and PRISMA model) have been proposed for normal - phase and 
reversed-phase TLC. Mobile phase should be as simple as possible and be prepared from 
the purest grade of the solvent available. Mixtures composed of more than three or four 
components should be avoided because of problems associated with reproducible 
preparation. Care must be taken to mix the constituents thoroughly before use. With a 
particular sorbent layer, the separation possibility of a complex mixture is greatly 
improved by the proper selection of mobile phase. The mixture of organic solvents 
containing some aqueous acid, base or a buffer are, in general, well suited for the 
separation of ionic species whereas anhydrous organic solvents and water containing 
mobile phases are more useful for separating non-ionic species. The following mobile 
phases have been used as developers. 
a) Organic solvents: The single component mobile phase including acetone, 
acetonitrile, benzene, carbontetrachloride, chloroform, dioxane, ethanol, 
ethylacetate, methanol, o-xylene, petroleum ether, toluene, n-octanol, n-nonane, 
cyclohexane and binary/ternary mixtures of alcohols, amines, ketones, phenols 
and haloalkanes have been used. 
b) Inorganic solvents: Being non-toxic and non-volatile, solvent systems of this 
group have been widely used in TLC of inorganics and organometallics. This 
group includes the solution of mineral acids, alkalis and inorganic salts prepared 
in double distilled water or water-methanol mixture. 
c) Mixed solvents: Mixtures of two or more different solvents, most of which have 
either a base (NaOH, NH4OH and amine) or an acid (mineral or carboxylic) as a 
component, are used to developed the TLC plate. 
d) Surfactant - mediated solvents: Solutions of surfactants (SDS, CTAB or Triton 
X-IOO) have also been used but to a lesser extent as mobile phase in TLC. 
The traditional mobile phase systems as mentioned above (a-c) have been widely used in 
TLC analysis of organic as well as inorganic substances. However, the use of surfactant-
mediated mobile phase systems in TLC is of recent origin. These systems, though, have 
ibund extensive use in 1IPTLC, their use in TLC has been limited. 
VISUALIZATION 
Physical, chemical, enzymatic or biological detection methods are commonly used in 
TLC. A book by Jork el al. [12] is an excellent source of general information about 
physical and chemical methods of detection. Physical methods of detection involve the 
use of spectroscopy (autoradiography), X-ray fluorescence and UV radiation etc. Among 
physical methods, visualization under UV-light is most common. The chemical detection 
methods involve the spraying of plates with a suitable reagent, which forms colored 
compounds with the separated species. Alternatively, the reagent can also be taken in the 
mobile phase or in the adsorbent. In some cases, the detection is completed by inspecting 
the TLC plate after spraying with a suitable detection reagent under UV-light. Both 
selective and non-selective reagents may be used depending upon the requirement. 
However, reagents giving sufficiently sensitive color reactions with several species are 
generally preferred. The biological detection methods (bio-autography) are useful for 
specific detection of compounds with a certain f)hysiological activity. An example is the 
detection of antibiotics on TLC plates using triphenyl-tetrazolium chloride and a 
microorganism that is sensitive to the antibiotic to be detected. Similarly, to detect 
antifungal compounds by TLC, inhibition of fungal growth was assessed by the detection 
of dehydrogenase activity with thiazolyl blue. In addition to these techniques, enzyme 
inhibition, immunostaining and flame ionization detection methods have also been used. 
Surfactants have been detected with I2 vapours and Dragendorff reagent. 
QUALITATIVE ANALYSIS 
(a) IDENTIFICATION 
In TLC the identification of separated compounds is primarily based on their mobility in 
a suitable solvent, which is described by the RF value of each compound, where 
Distance of solute motion from the origin 
Distance of solvent motion from the origin 
The factors which influence the magnitude of Rp are nature of sorbent and mobile phases, 
layer thickness, activation temperature, sample volume, chamber saturation, relative 
humidity and mode of development technique. Another term Rm which is the logarithmic 
function of the Rp value [i.e. RM = log (l/Rp - I)] is more useful as it bears a linear 
relationship to some TLC parameters or structural element of the analyte. However, in 
case of continuous and multiple development, where the solvent front is not measured, 
the term R\ 
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Distance moved by solute 
[Rx = ] is used 
Distance moved by standard 
RF value ranges from 0.0 for a zone not leaving the point of application to 0.999 (~ 1.0) 
for zone migration with solvent front. Unlike Rp, Rx value can be greater than 1.0. 
Kowalska et al. [13] have nicely discussed the theory of planar chromatography and 
separation efficiency parameters in Chapter 2 of the third edition of t.he handbook of Thin 
- Layer Chromatography, published in 2003. 
(b) SEPARATION 
When two or more analytes have differential migration with the same chromatographic 
system, they are mixed thoroughly; the mixture is spotted on the TLC plate and 
chromatographed. The separated components of mixture are detected and their Rp values 
are recorded. Some of the basic requirements for a good separation are 
(i) I'ach spot should be compact ( R L - R T < 0.3). 
(ii) The difference in RF values of two adjacent spots should be at least 0.1. 
(iii) No complexation should occur between/among separable species. 
(iv) Chromatography of individuals and the mixture should be performed under 
identical experimental conditions. 
QUANTITATIVE ANALYSIS 
The three main approaches related to quantitation TLC include visual estimation and 
spot-size measurement, zone elution and in-situ densitometry. 
VISUAL ESTIMATION AND SPOT-SIZE MEASUREMENTS 
This is the simplest method of semiquantitative analysis. TLC plates with a definite 
sample aliquot alongside standards containing known weights of analyte are 
simultaneously developed. After detection, the weight of analyte in the sample is 
estimated by visual comparison of the size and intensity of the standards and sample 
zones. The visual comparison works well if the applied amounts of sample are kept close 
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to the detection limit and the sample is accurately bracketed with standards. The accuracy 
and reproducibility of this method falls in the range of 10-30%. 
To standardize the quantification methods in TLC, Mohammad and Fatima [14, 15] 
Mohammad and Tiwari [16], Nanda and Devi [17] and Mlodzikowski [18] have 
established a linear relationship between the size of the spot and the amount of the 
analyte. 
ZONE ELUTION 
In this case, quantitation is performed after scraping off the separated analyte zone, 
collection of the sorbent and recovery of the substance by elution from the sorbent. 
Thereafter, the eluates are analyzed by applying any current method of microanalysis, 
such as electroanalytical. Gas Chromatography (GC), spectrophotometry, titrimetry etc. I 
IN-SITU METHOD 
In-situ densitometry is a preferred technique for quantitative TLC involving the 
measurement of visible or ultraviolet absorbance, fluorescence or fluorescence quenching 
directly on the layer. The measurements are made either by transmission through the 
plates by rellection from the plate, or by reflection and transmission simultaneously using 
either single beam, double - beam or single beam dual wavelength operation of scanning 
instruments. Modern optical densitometric scanners are linked to computer and are 
capable for automated peak location, multiple wavelength scanning and spectral 
comparison of fractions in several operating modes (reflectance, absorption, transmission, 
fluorescence etc.) 
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ADVANTAGES OF TLC 
TLC is the most versatile and flexible chromatographic method. It is rapid because pre-
coated layers are available for use as received, without preparation. It has highest sample 
throughout, because up to 30 individual samples and standards can be applied to a single 
plate and separated at the same time. The automated sample applications and developers 
allow high accuracy and precision in quantification. There is a wide choice of layers, 
developers and detection methods. The wide choice of detection reagents leads to 
unsurpassed specificity. Less pure samples can be successfully analyzed, as the layers are 
normally not reused. Being an "off line" method, different steps of the procedure are 
carried out independently. 
COMPARISON OF TLC, HPLC AND HPTLC 
According to recent literature [19], TLC has distinct advantages over HPLC, e.g. greater 
detection possibilities, more rapid throughput, use of disposable plates, easier sample 
preparation, low solvent consumption and lower operational cost. The poorer separation 
efficiency and the influence of environmental conditions on the reproducibility of Rp 
value have, however, been major disadvantages of TLC compared with HPLC and GC. 
The above - mentioned advantages of HPTLC/TLC have made it the premier method for 
assessing atmospheric, aquatic and residual pollution. It has been successfully applied for 
the analysis of wastewater for total heavy metal contents [20], characterization of 
hazardous wastes [21], identification of metals in sludge sample [22] and quantification 
ol" toxic metals in industrial sewage [23]. Compared to conventional TLC, HPTLC 
provides faster separations, reduced zone diffusion, better separation efficiency and 
higher sensitivity. However, HPTLC is not in common use because of high capital 
investment, procedural difficulties and instrumental complications. A comparison of TLC 
and HPTLC characteristics is summarized in Table 4. 
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Tabic 4. Comparisons of TLC and HPTLC 
Parameter 
Plate size 
Average particle size 
Adsorbent layer thickness 
Plate height 
Sample volume 
Solvent migration distance 
Separation time 
Samples per plate 
Adsorption 
Fluorescence 
Diameter of separated spots 
TLC 
20 X 20 cm 
20 p.m 
100-250 lam 
30 |xm 
1-5 ^L 
10-15 cm 
30-200 min 
10 
1-5 ng 
0.05-0.1 ng 
6-15 mm 
HPTLC 
10x20or lOx 10cm 
5 \xm 
200 nm 
12 i^ m 
0 . 1 - 0 . 2 H L 
3-6 cm 
3-20 min 
18 or 36 
0.1-0.5 ng 
0.005-0.01 ng 
2-6 mm 
HPTLC provides faster separation, reduced zone diffusion, better separation efficiency 
and higher sensitivity. 
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COMBINATION OF TLC WITH OTHER ANALYTICAL 
TECHNIQUES 
The careful combination of TLC with other analytical techniques is more useful to collect 
information regarding the analysis of a complex sample. Spectrophotometry, High-
Peformance Liquid Chromatography (HPLC) and Gas Chromatography (GC) in 
conjugation with TLC are the three most widely used techniques. However, mass/GC, 
infrared and thermal analytical techniques in combination with TLC has also been used. 
One of the newest techniques used in combination with TLC is photoaccuoustic 
spectrometry, which is capable to locate compounds in-situ on the plate. TLC has been 
combined with High Temperature Gas Chromatography (HTGC) [24], High Performance 
Liquid Chromatography (HPLC) [25] and Supercritical Fluid Chromatography (SFC) 
[26] for the analysis of surftictants. Issac and Barr [27] combined TLC with flameless 
atomic absorption spectrometry (FAAS) to identify an inorganic compound in an impure 
organometallic complex and to determine the recovery and purity of organometallic 
samples 
The examples cited above reveal, how the separation methods of TLC complement the 
analytical methods necessary for the absolute identification of a substance. TLC provides 
an excellent purification method for separating a substance of interest from other 
contaminants in the sample. Analytical techniques can then be applied to identify the 
separated substances. 
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SURFACTANT 
The work presented in this dissertation is related to the study of surfactants and related 
compounds. We have used surfactants as analyte and interesting TLC system have been 
identified for qualitative as well as quantitative analysis of cationic and nonionic 
surfactants. It is therefore, worth while to summarize certain aspects of surfactants. 
The term, surfactant, was originally registered as a trademark for selected surface active 
products [28] and later it was released to the public domain [29] Soaps (salt of fatty acids 
containing at least eight carbon atoms) and detergents are surfactants whose solutions 
have cleansing properties. Surfactants are amphipathic molecules that consist of a non-
polar hydrophobic portion, usually a straight or branched hydrocarbon or fluorocarbon 
chain containing 8-18 carbon atoms, which is attached to a polar or ionic portion 
(hydrophilic). The hydrophilic portion can be non-ionic, ionic or zwitterionic. The 
hydrocarbon chain interacts weakly with the water molecules in an aqueous environment, 
whereas the polar or ionic head group interacts strongly with water molecules that 
renders the surfactant soluble in water. However, the cooperative action of dispersion and 
hydrogen bonding between the water molecules tend to squeeze the hydrocarbon chain 
out of the water and hence these chains are referred to as hydrophobic. 
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AMINO ACIDS 
Proteins are the most abundant and functionally diverse molecules in living systems. 
Virtually every life process depends on this class of molecules. Proteins display an 
incredible diversity of functions, yet all share the common structural feature of being 
linear polymers of amino acids. Although more than 300 different amino acids have been 
described in nature, only 20 are commonly found as constituents of proteins. Each amino 
acid (except for proline) has a carboxyl group, an amino group, and a distinctive side 
chain ('R-group") bonded to the a-carbon atom. At physiologic pH (approximately pH -
lA) the carboxyl group is dissociated, forming the negatively charged carboxylate ion (-
COO"), and the amino group is protonated (-NHa"^ ). In proteins, almost all of these 
carboxyl and amino groups are combined in peptide linkage and are not available for 
chemical reaction (except for hydrogen bond formation. Thus, it is the nature of the side 
chains that ultimately dictates the role an amino acid plays in a protein. It is therefore 
useful to classify the amino acids according to the properties of their side chains - that is, 
whether they are nonpolar or polar (uncharged, acidic or basic). 
AMINO ACID WITH NONPOLAR SIDE CHAINS 
Each of these amino acids has a nonpolar side chain that does not bind or give off 
protons, or participate in hydrogen or ionic bonds. The side chains of these amino acids 
can be thought of as "oily" or lipid-like, a property that promotes hydrophobic 
interactions (Fig.3). 
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Fig.3 Amino acid with nonpolar side chains 
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AMINO ACIDS WITH UNCHARGED POLAR SIDE CHAINS 
These amino acids have zero net charge at neutral pH, although the side chains of 
cysteine and tyrosine can lose a proton at alkaline pH. Serine, threonine, and tyrosine 
each contain a polar hydroxyl group that can participate in hydrogen bond formation. 
The side chains of asparagine and glutamine each contain a carbonyl group and an amide 
group, both of which can also participate in hydrogen bonds (Fig.4). 
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Fig.4 Amino acids with uncharged polar side chains 
Amino acids with acidic side chains 
The amino acids aspartic and glutamic acid are proton donors. At neutral pH the side 
chains of these amino acids are fully ionized containing a negatively charged carboxylate 
group (-COO). They are therefore called aspartate of glutamate to emphasize that these 
amino acids arc negatively charged at physiologic pH (Fig.5). 
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Fig.5 Amino acids with acidic side cliains 
AMINO ACIDS WITH BASIC SIDE CHAINS 
The side chains of the basic amino acids accept protons. At physiologic pH the side 
chains of lysine and arginine are fully ionized and positively charged. In contrast, 
histidine is weakly basic and the free amino acid is largely uncharged at physiologic pH. 
However, when histidine is incorporated into a protein, its side chain can be either 
positively charged or neutral, depending on the ionic environment provided by the 
polypeptide chains of the protein (Fig.6). 
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Fig.6 Amino acids with basic side chains 
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SOIL 
The term soil is derived from the Latin word 'Solum' which means floor. For a layman or 
an urban bred, soil is the dirt or debris on the surface of the earth or an inert uniform 
brown coloured material in which plants find their foothold. To an agriculturist soil is a 
natural medium for plant growth. According to Jenny (1941), soil is a naturally occurring 
body that has been evolved owing to combined influence of climate and organisms, 
acting on parent material, as conditioned by relief over a period of time. 
According to liie Glossary of soil science terms {Soil Science Society of America, 1970) 
"soil is 
i) The unconsolidated mineral material on the immediate surface of the earth 
that serves as a natural medium for the growth of land plants, 
ii) The unconsolidated mineral matter on the surface of the earth that has been 
subjected to and influenced by genetic and environmental factors of parent 
material, climate (including moisture and temperature effects), macro - and 
micro - organism and topography, all acting over a period of time and 
reducing a product, that is soil, that differs from the material from which it is 
derived in many physical, chemical, biological and morphological properties 
and characteristics. 
The soil is the key component of terrestrial ecosystem and is essential for the growth 
of plants as well as for recycling of dead biomass. It is a complex heterogeneous 
medium consisting of minerals, organic solids and aqueous as well as gaseous 
components. The minerals present are usually rock fragments and secondary minerals 
(phyllosilicates or clay minerals), oxides of Fe, Al, and Mn and sometimes carbonates 
(usually CaC03). The term 'oxides' includes all forms of oxides including hydrous 
oxides and oxyhydroxides. The organic matter comprises living organisms 
(mcsofauna and micro organisms), dead plant material (litter) and colloidal humus 
formed by the action of microorganisms on plant litter. 
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The soil is a dyinimic system, subject to short - time fluctLiations, such as variations 
in moisture status, pH and redox conditions and also undergoing gradual alterations in 
response to changes in management and environmental factors. These changes in soil 
properties affect the form and bioavailability of metals. 
COMPOSITION OF SOIL 
The four major components of soils are air, water, mineral matter and organic matter. The 
relative proportions of these four components greatly influence the behaviour and 
productivity of soils. In a soil, the 4 components are mixed in complex patterns; however, 
the proportion of soil volume occupied by each component can be represented as shown 
below. 
Sand 
Inorganic (~ 45 %) Silt 
Solids (50 %) Clay 
Organic (-25 %) Humus 
jquid (25 %) 
Gaseous (25 %) 
Fig.7 Approximate composition of Surface Soil 
Figure 7 shows the approximate proportions (by volume) of the components found in a 
surface soil in good condition for plant growth. Only about half the soil volume consists 
of solid material (mineral and organic); the other half consists of pore spaces filled with 
air or water. 
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The proportion (W above mentioned components may vary from time to lime and from 
place to place. The inorganic (mineral) material is relatively permanent, but the organic 
material may vary depending upon the location of the collection of the soil sample. The 
volume of water and air in soils fluctuate on the basis of particle size, porosity, humidity, 
temperature of the soil environment etc. 
SOLID PHASE: Solid phase is composed of two components: 
1. Soil inorganic phase 
2. Soil organic phase. 
(1) SOIL INORGANIC PHASE 
The inorganic portion of soils is quite variable in size and composition. It is composed of 
small rock fragments and minerals of various kinds. The rock fragments are composed of 
aggregates of minerals and are remnants of massive rocks from which the regolith and, in 
turn the soil have been formed by weathering. 
The mineral particles present in soils are extremely variable in size. Soil particles range 
in size over four orders of magnitude from 2.0 mm to smaller than 0.002 mm in diameter. 
Sand particles are large enough (2.0 to 0.5 mm) to be seen by the naked eye and feel 
gritty when rubbed between the fingers. Sand particles do not adhere to one another; 
therefore sands do not feel sticky. Silt particles are somewhat smaller (0.05 to 0.002 
mm). Silt particles are too small to see without a microscope or to feel individually, so 
silt feels smooth but not sticky, even when met. The smallest class of mineral particles 
are the clays (< 0.002 mm), which adhere together to form a sticky mass when wet and 
hard clods when dry. The smaller particles (< 0.001 mm) of clay have colloidal properties 
and can be seen only with the aid of an electron microscope. Several extensive studies of 
X-ray diffraction patterns have revealed that clays are crystalline in nature and composed 
of few simple building units. Based on the number and arrangement of tetrahedral (Si) 
and octahedral (AI, Mg, Se) sheets contained in the crystal units, clays may be classified 
into : 
(i) Kaolinitc (1:1 silicate clays) 
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(ii) Montmorillonite (Fxpanding 2:1 silicate clays) 
(iii) Non - Expanding (2:1 silicate clays) 
a) Illite 
b) Chlorite 
(iv) Amorphous clays 
(i) Kaolinite (1:1 silicate clays) 
The name 'kaolinite' was first suggested by 'Johnson and Blake' in 1867. A unit 
kaolinite crystal lattice consists of one sheet of silica and one sheet of alumina and is, 
hence, called 1:1 layer silicate. The two sheets are held together by mutually shared 
oxygen atoms. These units, in turn, are tenaciously held together through oxygen -
hydroxyl linkages and, consequently no expansion occurs when the mineral is wetted. 
The si/e of the unit cell is 7.2A. The structural formula of kaolinite is (OH)8A|4Si40i(). It 
has a low specific surface, and a low cation exchange capacity that varies from 3-15 
meq/lOO g clay. Similarly, plasticity, conhesion shrinkage and the swelling properties of 
kaolinite are low. 
(ii) Montmorillonite (Expanding 2:1 silicate clays) 
This type of clay was first studied by Le Chatellier and has been assigned the formula. 
(OH)4Al4Si802o- The crystal units in 2:1 clays are characterized by one octahedral sheet 
sandwiched between two tetrahedral sheets of silica. The silica and alumina sheets are 
held together by common oxygen atoms. In montmorillonite interlayer expansion occurs 
when water enters the inter layer spaces in relatively dry clay, forcing the layers apart. 
The capacity to adsorb cations is very high in montmorrillonite - about 20 to 40 times to 
that of kaolinite. 
(iii) Non - expanding (2.1 silicate Clay) 
(a) Illite:- The name 7///7f' was proposed by Grim in 1937 for the mica like 
minerals with a lOA C-axis which shows no expansion in the presence of water. The size 
of unit cell is lOA. Isomosphic substitution is possible within the lattice resulting in a 
wide variation in composition. Because of its resemblance with mica, it is considered to 
bo a member of mica group. The cation exchange capacity of illites varies from 20 to 40 
meq 100 g' clay. Because of their non-expansive character, the tine grained micas are 
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more like kaolinite than montmorillonites with regard to their capacity to adsorb water 
and cation and their degree of plasticity and stickiness. 
(b) Chlorite: - The structure of Chlorite was given by Donahue. In chlorites, 
iron or magnesium, rather than aluminium, occupy most of the octahedral sites. In most 
chlorite clays, a magnesium-dominated trioctahedral hydroxide sheet is sandwiched in 
between adjacent 2:1 layers. Thus, chlorite is sometimes said to have a 2:1:1 structure. 
Chlorites are non-expansive because the hydroxylated surfaces of an intervening Mg. 
Octahedral sheet are hydrogen bonded to the oxygen atoms of the two adjacent 
tetrahedral sheets, binding the layer tightly together. The colloidal properties of the 
chlorites are therefore quite similar to those of the fine - grained illites 
(iv) Amorphous clays 
Amorphous clays are mixtures of silica and alumina that have not formed well oriented 
crystals; they lack crystallinity. Amorphous clays are common in soils forming from 
volcanic ash. Amorphous clays are not well characterized but do exist in many soils in 
varying amounts. Their properties are often quite unusual, such as having high positive 
charges (high anion exchange capacities) or even high cation exchange capacity that 
varies from 50-150 cmol kg"' clay. 
(2) SOIL ORGANIC PHASE 
Soil organic matter consists of a wide range of organic (carbonaceous) substances, 
carbonaceous remains of organisms that once oiccupied the soil and organic compounds 
produced by current and past metabolism in the soil. 
Organic niiiUcr comprises only a small fi^ action of the mass of a typical soil (1-6 %). 
However, the influence of organic matter on soil properties, and consequently on plant 
growth, is iar greater than the low percentage would indicate 
Organic matter binds mineral particles into a granular soil structure that is largely 
responsible for the loose, easily managed condition of productive soils. Organic matter 
also increases the amount of water a soil can hold and the proportion of water available 
for plant growth. As soil organic matter decays, the nutrient elements (phosphorus. 
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siilphiii", niliogcn etc.) presenl in organic combinations, are released as soluble ions that 
can be taken up by plant roots. 
Humus, usually black or brown in colour, is a collection of very complex organic 
compounds that results from microbial decomposition and synthesis, accumulates in soil 
because they are relatively resistant to decay. It is the colloidal fraction of soil organic 
matter. It has chemical and physical properties of great significance to soils and plants. 
Because of their charged surfaces humus acts as contact bridges between larger soil 
particles, thus play an important role in the formation of soil structure. Humus is 
amorphous, nearly insoluble in water but mostly soluble in dilute alkali (NaOH or KOH) 
solution. Studies suggest that there are two general groups of compounds that collectively 
make up humus. 
(1) Hwnic group 
(2) Non - Humic group 
(1) Humic group. 
The humic substances make up about 60 - 80 % of the soil organic matter. Humic 
substances are characterized by aromatic ring type structures that include polyphenols 
and polyquinones. On the basis of resistance to degradation and of solubility in acids 
and alkalis, humic substances have been classified into three chemical groupings: 
(a) Fulvic acid: Lowest in molecular weight and lightest in colour, soluble in 
both acid and alkali, and most susceptible to microbial attack. 
(b) Humic acid: Medium in molecular weight and colour, soluble in alkali but 
insoluble in acid and intermediate in resistance to degradation. 
(c) Humin: Highest in molecular weight, darkest in colour, insoluble in both acid 
and alkali and most resistant to microbial attack. 
Accumulation pattern of humic and fulvic acid fractions have been studied by various 
workers to show that the humic acid concentrated principally in the surface or 
immediately below the surface horizon while' fulvic acid fraction extends to much lower 
depth and is hardly precipitated from an alkaline extract by acid because of it's more 
functional groups. 
41 
(2) Non Humic group: 
The non - humic group comprises about 20-30 % of the organic matter in soils. Non 
humic substances are less complex and less resistant to microbial attack than those of 
the humic group. They are comprised of specific organic compounds with definite 
physical and chemical properties. The non humic substances are polysaccharides, 
polymers that have sugar like structures and a general formula of Cn(H20)m where n 
and m are variable. 
SOIL WATER 
Water is of vital importance in the ecological functioning of soils. The presence of water 
in soils is essential for the survival and growth of plants and other soil organisms. The 
soil moisture regime is a major determinant of the productivity of terrestrial ecosystems, 
including agricultural systems. The soil water content varies with the soil texture and 
ranges from 5.1 to 11.9 %. 
Water is held within soil pores with varying degrees of tenacity depending on the amount 
of water present and the size of the pores. The attraction between water and the surfaces 
of soil particles greatly restricts the ability of water to flow. Because soil water is never 
pure water, but contains hundreds of dissolved organic and inorganic substances, it may 
be more accuialcly called the soil solution. An important function of the soil solution is to 
serve as a constantly replenished, dilute nutrient solution bringing dissolved nutrient 
clcmcnls (e.g., calcium, potassium, nitrogen and phosphorus) to plant roots. 
The water in the large and intermediate sized pores can move about in the soil and can 
easily be used by plants. However, the water in the smallest pores is so close to solid 
particles that it is strongly attracted to and held on the particle surfaces. This water may 
be so strongly held that plant roots cannot pull it away. Consequently, not all soil water is 
available to plants. Depending on the soil, one-sixth to one-half of the water may remain 
in the soil after plants have wilted or died for lack of moisture. 
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The soil water contains small but significant quantities of soluble inorganic compounds, 
some of which supply elements that are essential for plant growth. One other critical 
property of the soil solution is its acidity or alkalinity. Many chemical and biological 
reactions are dependent on the levels of the H"^  and OH' ions in the soil. The levels of 
these ions also influence the solubility and in turn the availability, of several essential 
nutrient elements (including iron and manganese) to plants. 
A relationship between the nature and amount of clays in soil and water retention 
capacity was observed by Ali and Bishwas (1968). They concluded that the water 
retention and release were highest in bentonite followed by illite and kaolinite 
respectively. The amount of available water in soil was also found to be related with silt 
and organic matter content. However, the movement of water in soil is influenced by the 
location, its extent and physical characteristics of different horizons. 
SOIL AIR 
Approximately half of the volume of the soil consists of pore spaces of varying sizes 
which are filled with either water or air. When water enters the soil, it displaces air from 
some of the pores; the air content of a soil is therefore inversely related to its water 
content. 
The soil air contains a number of gases of which nitrogen, oxygen, carbon dioxide and 
water vapour are the more important constituents. It contains a much greater proportion 
of carbon dioxide and lesser amount of oxygen than atmosphere air as it is subject to the 
influence of a number of factors such as nature of soil, soil condition, type of crop, 
microbial activity, climatic condidon etc. 
The relative proportions of various gases change almost continually not only from day to 
day but also from hour to hour. The quantity of oxygen is usually higher in dry season 
than during the monsoon, whereas the soil air contains 16-18 % oxygen in the hot season, 
the oxygen content falls to 8-12 % during the rains. 
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The CO2 gas is the most variable constituent of soil air as its amount varies within wide 
limits. It is produced as a result of the decomposition of organic matter; it increases with 
increasing quantity of humus in soil. Hence soil rich in organic matter, contain a greater 
proportion of organic matter. As the production of CO2 is associated with microbial 
activity, its concentration in soil varies also with temperature, moisture content, oxygen 
supply and other factors that control the activity of microorganisms. 
PHYSICO-CHEMICAL PROPERTIES OF SOIL 
The knowledge of physico-chemical properties of soil is important in understanding soil 
behaviour. Soil scientists use texture, soil pH, electrical conductivity, colour, cation 
exchange capacity and other physico-chemical properties of soil horizons in classifying 
soil profiles and in making determinations about soil suitability for agricultural and 
environmental projects. 
SOIL COLOUR 
Soil displays a wide range of colour which includes red, brown, yellow, black, dull grey, 
white or even green. Soil colour varies from place to place in the landscape, as when 
adjacent soils have differing surfaces horizon colours. Colours also typically change with 
depth through the various layers within a soil profile. Three major factors have the 
greatest innucnce on the colour of a soil: 
i) its organic matter content ' 
ii) its water content 
iii) the presence and oxidation states of iron and manganese oxides. 
Soil colours have little effect on the behaviour and use of soils. However, they do 
provide valuable clues to the nature of other soil properties and conditions. 
SOIL TEXTURE 
The first information required about a soil is its mechanical composition. The mechanical 
composition or texture means the particle of various sizes such as gravel, sand, silt and 
clay in soils. Knowledge of the proportion of different sized particles in a soil Is critical 
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foe understanding soil behavior. Soil texture and structure help determine the ability of 
the soil to hold and conduct the water and air necessary for sustaining life. The particle 
size distribution of a soil influences its chemical, physical and biological properties. 
Particle size distribution in soil has its impact on the water holding capacity of soil. It 
also influences the strength and compressibility of soils. The success of any mechanical 
analysis primarily depends upon the preparation of sample to ensure complete dispersion 
of all aggregates into their individual particles without breaking up the particles, and 
secondary upon the accurate fractionation of the sample into various fractions. 
SOIL pH 
The soil pH is an approximate measure of an active fraction of the hydrogen ions present 
in the soil phase. The pH of the soil applies to the H"^  (ions) concentration in the solution 
present in soil pores. 
The degree of soil acidity or alkalinity, expressed as soil pH, is a master variable that 
affects a wide range of soil properties - chemical, biological and indirectly, even 
physical. This chemical variable greatly influences the availability for root uptake of 
many elements, including both nutrients and toxins. 
Among the ways that pH level affects soil physical properties is its influence on the 
dispersion of clays and the formation and stabilization of aggregate structure. High 
degree of acidity effectively stabilize large soil aggregates at very high pH levels, the 
opposite may occur, with a dispersed, structureless condition prevailing. 
Many complex factors affect soil pH, but none more than two simple balances: the 
balance between acid and non acid cations on colloid surfaces and the balance between 
H and OH' ions in the soil water. These balances, in turn, are largely controlled by the 
nature of the soil colloids, their charged surfaces, and the compliment of exchangeable 
cations they attract. Soil pH is also affected by the changes in redox potential which 
occur in soils that become water logged periodically. Soil have several mechanisms 
which serve to buffer pH to varying extents, including hydroxyl aluminium ions, carbon 
45 
dioxide, carbonates and cation exchange reactions. However, even with these buffering 
mechanisms, soil pH differs significantly due to localized variations within the soil. 
ELECTRICAL CONDUCTIVITY 
Pure water is a poor conductor of electricity, but conductivity increases as more and more 
salt is dissolved in the water. Thus, the electrical conductivity (EC) of the soil solution 
gives us an indirect measurement of the salt content. The EC can be measurement both on 
samples of soil or on the bulk soil in situ. It is expressed in terms of decisiemens per 
meter (ds/m). The salinity is due to the presence of Nickel and Na2S04 as soluble salts in 
soil. 
CATION EXCHANGE 
Most heavy metals (with certain exceptions, including the metalloids As, Sb and Se and 
the non-metals Mo and V) exist mainly as cations in soil solution, and their adsorption 
therefore depends on the density of negative charges on the surfaces of the soil colloids. 
In order to maintain electroneutrality, the surface negative charge is balanced by an equal 
quantity of cations. Ion exchange refers to the exchange between the counter ions 
balancing the surface charge on the colloids and the ions in the soil solution. It has the 
following characteristics: Ion-exchange is reversible, diffusion controlled and 
stoichiometric process which involves the preference for one ion over another by the 
adsorbent. The cation exchange capacity (CEC) of mineral soils can range from a few to 
60 CmoLs/kg but in organic soils it may exceed 200 Cmols/kg. 
SOIL TLC 
In 1968, Helling and Turner coupled favourable features of TLC and soil and developed a 
new technique known as soil TLC and successfully utilized for the monitoring of 
pesticides movement using different types of soil as static phase. Many other workers had 
also utilized soil TLC for the investigation of the mobility of pesticides, trace elements, 
heavy mclai cations and amino acids. 
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The movement of substances or their separations in TLC can be effected by altering the 
conditions of the static phase (soil) of diverse nature, developer and applied substances. 
Thus, soil provides a very fascinating field of research which can be utilized for 
investigating problems in various applied and non - applied fields. 
Thin layer of soil are prepared by spreading a uniform film (0.15 mm - 2.0 mm) of soil 
slurry over glass plates with the help of an applicator and allowing it to dry at room 
temperature (30°C). The analyte under investigation is spotted above 2 cm from the 
bottom of the plate so that the mobile phase level in the closed jar may always remain 
about 1 cm below the spots. The plates were covered by the filter paper up to 1.5 cm 
soaked in the mobile phase so as to avoid the disintegration of soil as soon as it comes in 
contact with the mobile phase. Plates were developed to a distance of 10 cm starting from 
the point of spotted compound. After the development, the plates are removed from jar, 
dried and the compounds or ions are detected by spraying suitable chromogenic reagent 
as detectors. The movement of the compound through the soil layer is measured in terms 
of RH values which can be calculated as: 
Distance traveled by solute from the point of application (i.e. origin) 
Distance traveled by solvent from the line of sample application 
(i.e. origin) 
LITERATURE 
The research work performed on TLC analysis of organic and inorganic substances had 
been well documented in the form of several reviews, monographs, books and articles 
[33-35]. CRC Handbook of chromatography series started in 1972, under the joint 
editorship of G. Zweig and J. Sherma, and continued since 1991 by the latter and the 
handbook of thin-layer chromatography published in 1992, 1996 and 2003 under the 
editorship of/^ . Fried and ./. S/ierma have nicely covered the literature of TLC. The work 
published on TLC of surfactants and amino acids during the last 10 years was presented 
briefly in Table 6 and 7. 
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Tabic 6. Literature appeared during 1996 
Surfactants. 
2006 on Chromatography of 
Analyte 
Alkyl 
polyglycosides 
(APG) 
Alkylated and 
sulfonated 
diphenyl oxide 
surfactants 
Surfactants 
Ethoxylated 
alkyl phenol 
(EOAP) 
surfactants 
Technique 
High temperature gas 
chromatography 
(HTGC), HPLC and 
TLC 
HPTLC 
1IPTIX 
GC, HPLC and High 
Performance size 
exchange 
chromatography 
Remarks/Comments 
HTGC, HPLC and TLC are 
presented for the 
characterization of APG raw 
material for surfactants in 
product as and environmental 
matrixes. 
Determination of alkylated and 
sufonated diphenyl oxide 
surfactants by HPTLC. 
Separation of 11 components in 
dowfax 8390 arc achieved 
using gradient reverse phase 
chromatography. 
The separation and 
characterization of different 
types of surfactants of all four 
types has been achieved by 
IIPTLC by single development 
on silica plates. 
A review with 40 references on 
the determination of the degree 
of the ethoxylation of EOAP 
surfactants by GC, HPLC and 
high performance size 
exchange chromatography. 
References 
1 
2 
3 
4 
1. H.Waldoff; .1. Scherler; M.Schmitt, World Surfactants Congr. 4"" 1996,1, 507 - 518. 
2. M.Ye; Z. Soljic, J. Liq. Chromatogr. Relat. TechnoL, 1996,19(8), 1229-1240. 
3. S. Simuric;Z. Soljic, J. Liq. Chromatogr. Relat. TechnoL, 1996,19(7), 1139-1149. 
4. F. Ysambertt; N.Marquez; A.Gracia, J.Lachaise; J-L. Salager, World Surfactant 
Con'.rr. 4"' 1996,4, 110-121. 
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Analyte 
Quaternarized 
triethanolamine 
esters 
Gemini type 
surface active 
agents 
Surfactants 
Alkyl 
polygiycosidcs 
(APG) 
Surfactants 
Surfactants 
Technique 
HPLC,HRCGC and 
NMR 
TLC 
HPLC with nitrogen 
cliemiluminiscence 
detection 
HTGC, HPLC and 
TLC 
HPLC with 
refractometric 
detection 
Ion spray mass 
spectrometry 
Remarks/Comments 
Characterisation of 
quaternarized triethanolamine 
esters (esterquats) by HPLC, 
HRCGC and NMR 
TLC behaviour of substrate and 
products from the synthesis of 
Gemini type surface active 
agents. Silica gel G and acetone 
ben2:ene were used as stationary 
and mobile phases. Chromic 
acid, a mixture of cobalt (II) 
nitrate and potassium 
thiocyanate were used for 
detection. 
HPLC with nitrogen 
cliemiluminiscence detection for 
the analysis of cationic 
surfactants in household 
products is described. 
Analytical methods were 
developed for APG 
characterisation and detection in 
products and environmental 
samples are presented. 
HPLC with refractometric 
detection is used for qualitative 
trace analysis of surfactant 
mixtures. 
Ion spray mass spectrometry is 
used for identification and 
quantification of surfactants in 
consumer products. 
References 
5 
6 
7 
8 
9 
10 
5. A.J. Wilkes; C. Jacobs; G. Walraven; M.J.Talbot, World Surfactants congr. 4* 1996, 
1,389-402. 
6. I.Baranowska; L. Zielinski; E. Lekawaska; B. Kozielska,./. Planar Chromatogr-mod. 
TIC 1996, 9(3), 189-191. 
7. J. Truchan; T.H.Rasumussen; 0. Nicolas; Mcpherson; P.Bruce, J. Liq. Chromatogr. 
Relat. Technol 1996,19(11), 1785-1792. 
8. H.Waldhoff; J.Scherler; M.Schmitt, World Surfactants congr. 4"" 1996,1, 507 - 51. 
9. P.L. Desbene; F.l.Portet; G.L. Goussot,J.Chromatogr. A, 1996, 730 (1+2), 209 - 218. 
10.1. Ogura; D.L. Duval; S.Kawakami; K.Miyajima, J.Am.Oil Chem. Sac, 1996, 73 (10), 
137-142. 
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Analyte 
Surfactants 
Surfactants 
Surfactants 
Surfactants 
(ionic and 
neutral) 
Surfactants 
Technique 
TLC and HPLC 
TLC, Super critical 
fluid 
chromatography 
(SFC) and HPLC 
HPLC 
Chromatography, 
electrophoresis, 
HPLC and GC 
HPLC 
Remarks/Comments 
The adsorption of tri butyl 
phenolethylenoxide containing 
various lengths of ethylene phenol 
on revering sediment was studied 
by TLC and HPLC. 
Separation of surfactant is done by 
TLC and quantified by SFC 
according to degree of ethoxylation 
and alkyl chain length, Retention 
time determined with HPLC 
14 surfactants [(Cs-Cie betaines), 
(Cg-Cu diethonolamides), (C12-C16 
acylmethyl tannries) and (C12-C14 
alkyl ethers)] were identified in 
cosmetics and cleansing 
compounds 
Trace analysis of surfactants using 
chromatographic and 
electrophoretic techniques. 
Determination of linear alkyl 
benzene sulfonates in river water 
by HPLC and CE are discussed to 
show the capability of these 
methods for environmental analysis 
Determination of nonyl phenol 
poly ethoxylates and their 
lipophilic metabolites in sewage 
effluents by normal phase high 
performance liquid 
chromatography and fluorescence. 
References 
11 
12 
13 
14 
15 
11. T.Cserhati; V.Nemeth-Kiss; E. Forgacs, J. Biochem. Biophysics Methods, 1996, 
33(2), 81-88. 
12. J. Bohnen; B. Foellner; G. Rohm; H. Kruessmann, SOFWJ., 1998, 124(11), 714 716 
-719. 
13. K.Masukawa; Tsujimura Ky4,.//7«. Kokai TokkyoAppL, 1997, 96, 151-156 
14. Vogt; K.Heinig, FreseniusJ. Anal. Chem., 1999,363(7), 612-618. 
15. M. Ahel; W. Giger; E. Molnar; S. Ibric, Craot. Chem. Acta 2000, 73(1), 209-227. 
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Analyte 
Cationic 
surfactants 
Nonionic 
surfactants 
(nonyl phenol 
ethoxylates, 
NPE) 
Anionic and 
amphoteric 
surfactants 
Surfactant 
Zwitterionic 
and cationic 
surfactants 
Technique 
Capillary zone 
electrophoresis 
(CZE) and micellar 
electrokinetic 
chromatography 
(MEC) 
Liquid 
chromatography, 
clcctrospray mass 
spectrometry 
Liquid 
chromatography-
mass spectrometry 
(LC-MS) 
HPLC/Gel 
permeation 
Chromatography 
(GPC). 
HPLC 
Remarks/Comments 
Determination of cationic 
surfactants by CZE and MEC with 
deoxychlorate micelles in the 
presence of large organic 
concentrations. The procedure was 
applied to the determination of the 
surfactants in industrial and 
household formulation with 
excellent resolution between 
homologous detection limits of a 
few i^gml'' and reproducibilities 
between 2%. 
NPE oligomers separated on poly 
(vinyl alcoholic) gel column using 
acetonitrile - 30 mM NLUAc as the 
melting point followed by ESl-MS 
detection. 
The method is applicable for the 
determination of anionic and 
amphoteric surfactants individually 
in several shampoos using LC-MS. 
New method for surfactant 
quantification by HPLC-GPC. 
The use of chemiluminiscent 
nitrogen specific detection 
(CLND) combined with an HPLC 
separation allows for the 
idcntillcation and quantification of 
cationic and zwitterionic 
surfactants. 
References 
16 
17 
18 
19 
20 
16. M.A. Moiia\eh, Springer ~ Verlag Interface. 
17. M. Takino; S. Daishima; K. Yamaguchi, J. Chromatogr., A 2000, 9041(1), 65-72. 
18. Y. Miyamae; K. Yoshizawa; J. Tsuchiya, BmsekiKagakul^Q\,S^{\), 61 -67 . 
19. L.Lobmcyer, Household Pres. Prod. Ind. 2001, 38(3), 54 - 58. 
20. R.C. Harrison; A.C. Lucy, Journal of Chromatography A 2002, 956 (1-2), 237 - 244. 
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Analyte 
Polyether 
surfactants 
Anionic 
surfactants 
Fatty alcohol 
ethoxylates 
Surfactant 
Technique 
Reversed phase 
IIPLC electrospray 
ionization mass 
spectrometry (ESI-
MS) 
HPLC and HPCE 
HPLC-NMR 
Planar 
Chromatography 
Remarks/Comments 
ESI-MS studies of polyether 
surfactants behavior in reversed 
phase HPLC systems. 
Separation and analysis of alkyl 
benzene sulfonate surfactants by 
HPLC and HPCE 
The application of HPLC-NMR for 
the analysis of a mixture fatty 
alcohol ethoxylates (FAEs) is 
described. 
Methods of detecting and/or 
reducing systematic errors in 
quantitative planar 
chromatography. Part 2. Systematic 
errors caused by separation system. 
References 
21 
22 
23 
24 
21. J.Jhu; Z. Shi, Internalional Journal of Mass Spectrometry, 2003, 226, 369 - 378. 
22. X.Xiao; X.Liu; S. Jiang, Huaxue Jinzhan, 2003,15(1), 41 - 46. 
23. Magnetic Resonance in Chemistry, 2005, 43(9), 729 - 735. 
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Tabic 7. Lifcratiire appeared during 1995 - 2006 on Chromatography of Amino 
acids. 
Analyte 
Several amino 
acids 
Amino acids 
Thirty amino acids, 
twenty nucleotides 
and related 
compounds 
Several amino 
acids 
Technique 
TLC 
TLC and Kinetic 
fluorescence 
detection 
Two dimensional 
TLC 
Reverse phase 
HPLC and TLC 
Remarks 
Identification of free 
amino acids in extracts of 
medicinal plants on 
cellulose. 
Kinetic fluorescence 
detection of glycine and 
glutamine after TLC 
separation 
Simultaneous separation 
of amino acids, organic 
acids and nucleosides in 
clinical chemistry by two 
dimensional thin layer 
chromatography 
Utilization of 
effectiveness of Cu ion in 
TLC separation of amino 
acids on silica gel with 
acetate buffer (0.3M, pH 
6.0)-acetonitrile-n-
butanol (12+5+10) 
mobile phase and the 
comparison of TLC 
results with those 
obtained by RP-IIPLC 
References 
1 
2 
3 
4 
L C.Saribu; C.Cimpoiu; T.Hodisan. Rev. Chim., 1995, 46, 581-584. 
2. M.Gui; S.C.Rutan; A.Agbodjan. Anal. Chem., 1995, 67, 3293-3299. 
3. Y.Wu; B.Kuang; F.Long. Sepu, 1996,14, 259-263. 
4. R.Bhushan, l.Ali; S.Sharma. Biomed. Chromatogr., 1996,10, 37-39. 
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Analytc 
Racemic 
aromatic amino 
acids and 
aromatic amino 
alcohols 
Amino acids 
Amino acids 
derivatives 
Amino acids 
Valine, 
leucine, 
butyrine and 
phenylalanine 
Histidine, 
arginine, 
tryptophan and 
methionine 
Tccliniqiic 
Planar 
Chromatography 
TLC and video 
densitometry 
Modified 
programmed multiple 
gradient development 
(MGD) and HPTLC 
TLC 
TLC 
TLC and 
spectroscopy 
Remarks 
Qualitative analysis of aromatic 
amino acids and aromatic amino 
alcohols on cellulose with highly 
concentrated solutions of a- or p-
cyclodextrin 
Quantitative TLC of industrial 
amino acids employing video 
densitometric analytical technique 
Separation of derivatives of amino 
acids on HPTLC silica layers 
following MGD technique with 
different concentrations of ethyl 
acetate in heptane and chloroform 
in the analysis of complex plant 
extracts 
A rapid and reproducible TLC 
method for detection of amino 
acids (detection limits = 0.02^ig) 
on silica gel G with n-butanol-
glacial acetic acid- water (3+1 +1) 
TLC separation of DL-
enantiomers of amino acids on 
silica modified with P-
cyclodextrin with urea and 
dicarboxylic acid containing 
mobile phase 
Application of TLC in 
combination of derivative 
spectroscopy for the determination 
of amino acids in baby foods on 
silica gel plates with n-butanol-
acetic acid-water (4+1 +1) and 
C2H20H-water (70+3) 
References 
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6 
7 
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5. M.B.Huang; H.K.Li; G.L.Li; C.T.Yan; L.P.Wang. J. Chromaiogr. A. 1996, 742, 289-
294. 
6. I.I Malakhova; B.V. Tyaglov; E.V. Degterev; V.D. Krasikov; W.G. Degtiar. J. Planar 
Chromatogr.- Mod. TLC, 1996, 9, 375-378. 
7. G.Matsik. Chromalographiu 1996, 43, 39-43. 
8. D.Guo; X. Xeng; .I.Yang. Zhongguo Shenghua YOOM'U Zazhi, 1996,17, 119-121. 
9. .I.Weng; J.Qiu; Y.Zheng; S.Fujian. Daxm Xuehao Ziran Kcxuehan, 1996,12, 31-35. 
10. A.Makriyannis; A.A.El Khair; M.M. Ayad; W.S. Hassan; M.M.F.Metwally. 
Spectrosc. Lett. 1997,11, 286-288. 
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Analytc 
Seven l)L-
mixtures of amino 
acids 
Enantiomers and 
dansyl derivatives 
of amino acids 
Amino acids 
enantiomers 
D and L isomers 
of amino acids 
L-lysine, L-
threonine, L-
homoserine and 
cobaiamine 
Technique 
ILC 
TLC 
TLC 
TLC 
TLC 
Remarks 
Qualitative analysis of amino acids on 
chitin, chitosan, Cu impregnated chitin 
with three component mobile phase. 
Separation of optical isomers of amino 
acids. 
Resolution of enantiomers of amino 
acids and their dansyl derivatives on 
impregnated silica gel with mixtures 
of 0.5M aqueous NaCl and MeCN 
using(lR, 3R, 5R)-2-
azobicyclo[3,3,0] octan-3- carboxylic 
acid as impregnating reagent. 
Qualitative analysis of amino acid 
enantiomers on silica gel treated with 
L-arginine and Cu acetate using ligand 
exchange 
TLC separation of amino acid 
enantiomers on chiral plates. 
Distinction between L and D isomers 
on the basis of the proposed 
topological indexes. 
Quantitave analysis of amino acids in 
fermentation broth on sorbfil TLC 
plates with mixed-aqueous solvents 
containing NH3. 
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> ^ \ ' ^ ^ • 
?, A Z ' G 
[)£- 3583 S'' 
. ' V . . y >-, 
' " " ^ ^ Un ivc i^^ -^ 
55 
Analyte 
L-Tryptophan 
Aliphatic and 
aromatic amino 
acids 
a-Amino acids 
Amino acids 
Amino acids 
enantiomers 
Amino acids 
Technique 
TLC 
Micellar 
TLC 
TLC 
TLC 
TLC 
TLC 
Remarks 
Quantitave analysis of L-Tryptophan 
in fermentation broth on sorbfll TLC 
plates with propan-2-ol-25% aqueous 
NH3. 
Separation of L-proline from other 
aliphatic and aromatic amino acids by 
micellar TLC on plain alumina 
Detection, separation and analysis of 
a-amino acids by means of TLC using 
4-dipropylamino-diazabenzene-4-iso-
thiocyanate(DPABITC) 
TLC analysis of amino acids using 
microemulsion systems as mobile 
phase on silica gel 
TLC resolution of enantiomers of 
racemic amino acids was achieved on 
silica gel plates impregnated with 
optically pure (-)-quinine. The 
successful solvent systems were 
butanol-chloroform-acetic acid and Et 
acetate-CCU-propionic acid 
Qualitative separation of aliphatic and 
aromatic amino acids on plain 
alumina and Li, Na, NH4 impregnated 
alumina with oil-in water 
microemulsion 
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331. 
20. R.Bhushan; M.Arora. Biomed.Chromatogr. 2000, 15, 433-436. 
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Analytc 
Amino 
acids 
Amino 
acids 
Twenty 
liiree amino 
acids 
Amino 
acids 
Amino 
acids 
Technique 
TLC 
TLC 
TI.,C 
TLC 
TLC 
Remarks 
The chromartograpliic behaviour of 24 amino 
acids was studied on plain silica gel 'G' layers 
in one component, two-component (butanol-
acetic acid) and three-component (acetone-
benzene-acetic acid) mobile phases in varying 
ratios. 
Dimethyl sulfoxide was used as the mobile 
phase for TLC of amino acids on titanium 
tungstate. 
The chromatographic behaviour of amino acids 
on the silica gel thin layers using CTAB-Bu 
alc-n-octane-water microemulsion as a 
developer was studied 
The isolation and separation of amino acids 
was carried out by silica gel thin layer 
chromatography using as a eluent a mixture of 
isopropanol-methanol-NH3 (0:1:1) to (9:1:0.5) 
The proposed reagents (4-
hydroxyacetophenone-isatin and 4-
hydroxybenzaldehyde-isatin) were used for the 
formation of distinguishable colours with most 
of the amino acids after final heating. 
References 
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Tfiin Layer Chromatographic Studies ofCationic 
and9{pnionic Surfactants Using Aqueous 
Solutions as Mobile (Phase: Selective Separation of 
(CnytBfrom Other Sufactants 
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INTRODUCTION 
Cationic surfactants are used widely in industrial commodities including textile softeners, 
pharmaceuticals, disinfectant, and human hair cosmetics. On the other hand, non-ionic 
surfactants being mild detergents have interesting applications in cosmetic products and 
in microemulsion systems. The capability of these surfactants to solubilise proteins from 
cells or membranes without destroying the tertiary structure has led to their applications 
in biochemical research. Surfactants based on sugar residues are currently enjoying 
popularity, both in biochemical applications and in industrial uses. 
Because of such widespread uses of surfactants, the analysis of surfactants has assumed 
importance. Practically in all above described uses of surfactants, the formulations are 
composed of mixtures of these surfactants. Thus, there is always a need of developing 
new methods and techniques for the separation of surfactants from their mixtures. 
Several analytical techniques such as ion-exchange [1-2], reversed or normal phase 
HPLC [3-6], indirect tensammetry [7], GC [8-12], capillary zone and capillary 
electrophoresis [13-16], micellar electro kinetic chromatography [17], foam 
chromatography [18] and thin layer chromatography[20-26] have been used for 
identification and qualitative separation of surfactants. 
Keeping in view the many inherent advantages TLC provides such as wider choice of 
stationary and mobile phases, flexible detection procedures, ease of implementation and 
very economical, many workers have used thin layer chromatography (TLC) as the pilot 
technique for the analysis of surfactants. Silica gel [27-31] has been the most preferred 
stationary phase although alumina [32], keiselguhr [33], cellulose and other adsorbents 
[34-35] have been used less frequently for the analysis of surfactants. 
Most workers have used either mixed organic or aqueous-organic solvent systems 
containing alcohol (methanol, cthanol or bulanol) as one of the components [36-38] in the 
TLC analysis of surfactants. Acetone in combination with CHCI3 or aqueous NaOH 
(l.OM) has also been used |39]. IIPTLC in combination with micro-surface enhanced 
Raman-scattering (micro-SERS) was used for the in-situ study of the adsorption behavior 
of cctylpyridinium chloride on silica gel [40]. An interesting study of surfactants by TLC 
was done to establish the hydrophile-lipophile balance (HLB) values of Brij and Triton-X 
series [41]. 
However, no work has been reported on the use of single component inorganic salt 
solution as mobile phase in the analysis of surfactants. Although the method of planar 
salting-out chromatography had been applied for the separation of organic and inorganic 
substances, for both neutral molecules and ions, to the best of our knowledge, 
investigations involving salting-in and salting-out effects on surfactants have not yet been 
attempted [42].In this study, salting-out effect on DTAB has been examined using 
aqueous ammonium sulphate solution as eluent. It was found during the course of study 
that DTAB can be selectively separated from the mixture of cationic and non-ionic 
surfactants with a simple eluent (0. IM aqueous ammonium sulphate). The present study 
is advantageous because it protects scientists and chemists from the exposure of volatile 
and corrosive organic solvents during experimentation. 
EXPERIMENTAL 
All experiments were performed at 30 ± 2 "C 
APPARATUS 
A TLC applicator was used for coating stationary phases on 20 x 3.5 cm glass plates. The 
chromatography was performed in 24 x 6 cm glass jars. Test solutions (3 f^ l) were applied 
by means of tripelte (GMBH, Werthlim, Germany). A glass sprayer was used to spray 
reagent on the plates to locate the position of the spot of analyte. 
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CHEMICALS AND REAGENTS 
Silica gel 'G' (Merck, India), i<eiselguhr G, alumina G, ammonium sulphate, bismuth 
subnitrate, ammonium thiosulphate, ammonium chloride, potassium iodide copper 
sulphate, manganese sulphate, zinc sulphate (CDH, India), urea, ammonium nitrate, 
barium chloride, acetic acid (Merck, India), Methanol hydrogen peroxide (Qualigens, 
India) and AMU fort soil. 
SURFACTANTS STUDIED 
Cetylpyridinium chloride (CPC), cetyltrimethyl ammonium bromide (CTAB), brij-35 
(BJ~35), brij-78 (BJ-78), brij-98 (BJ-98), cetypyridinium bromide (CPB), tween 20 (TW-
20), cween-20 (CW-20), cween-40 (CW-40), cween-60 (CW-60), tetradecyl trimethyl 
ammonium bromide (TTAB), hexadecyl trimethyl ammonium chloride (HTAC) and 
dodecyl trimethyl ammonium bromide (DTAB). 
TEST SOLUTIONS 
The test solutions of the surfactants (0.5 % w/v) were prepared by dissolving appropriate 
weight (0.5 g) in methanol (10 ml). 
DETECTOR 
Modified Dragendorff reagent was used to detect all surfactants. 
PREPARATION OF DRAGENDORFF REAGENT 
Modified Dragendorff reagent prepared as described below was used to detect all the 
surfactants. 
Dragendorff reagent is comprised of two solutions A and B. Solution A was prepared 
from the two solutions. 
i) Solution of bismuth subnitrate (BiONOs, H2O, 1.7 g) dissolved in acetic acid 
(20 ml) and diluted to 100 ml with water. 
ii) Solution of potassium iodide (65 g in 200 ml water). 
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Both soliilions were imnsferrcd into I L flask and acetic acid (200 ml) was added. Tiic 
contents were diluted to 1 liter with double distilled water. 
Solution B was prepared by dissolving barium chloride dehydrate (BaCh. 2H2O, 89.290 
g) in one liter water. 
Solution A and B were mixed in the volume ration 2:1. 
STATIONARY PHASES 
Composition 
Alumina G 
Soil 
Keiselguhr G 
Silica gel G 
Symbol 
S, 
S2 
S3 
S4 
MOBILE PHASE 
Symbol 
M, 
M2 
M3 
M4 
M5 
M6 
Mv 
Ms 
Mc, 
Mio 
M i l 
M,2 
Mn 
M,4 
M|.-, 
Composition 
0.1 M(NH2CONH2) 
1.0M(NH2CONH2) 
0.1 M(NH4)2S04 
0.5 M (NH4)2S04 
1.0M(NH4)2SO4 
1.5M(NH4)2S04 
2.0 M (NH4)2S04 
2.5 M (NH4)2S04 
3.0 M (NH4)2S04 
0.1 MNH4CI 
0.1 MNII4S.O, 
0.1 MNH4NO3 
0.1 MZnS04 
0.1 MMnS04 
0.1 M CuS()„ 
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CHROMATOGRAPHY 
a) Preparation of TLC plates 
The desired stationary phase (20 g) was homogenized with 60 ml double distilled water 
by constant shaking for 5 min. and the resulting slurry was coated immediately on to 20 x 
3.5 cm glass plates by means of a TLC applicator (Toshniwal, India) to produce a 0.25 
mm layer. The plates were dried at room temperature. After drying, soil TLC plates were 
kept in closed chamber (30 "C). TLC plates of silica gel, alumina and keiselguhr were 
activated by heating at 100 ± 2 "C for 1 h in an electrically controlled oven. After 
activation, the plates were cooled to room temperature and then stored in a closed 
chamber (30 T ) before use. 
b) Procedure 
Test solutions (2.00 fil) were applied by means of a tripette approximately 2 cm above 
the lower edge of the plates. The spots were dried at room temperature (30"C). The glass 
jars containing mobile phase were covered with lids and left for 10 min. for saturation 
before introducing the plates for development. The plates were developed in the chosen 
solvent system by the ascending technique. The solvent ascent was fixed 10 cm in all 
cases. After development the plate was withdrawn from glass jars and dried at room 
temperature followed by spraying with the Dragendorff reagent. All surfactants appeared 
as orange/red spot. The RL (RI of leading front) and RT (RI- of trailing front) values for 
each spot were determined and the RF value was calculated as: 
RF = (RL + RT) X 0.5 
10 
For the selective separation, equal volumes (1 ml) of DTAB and other surfactants were 
mixed and 2.00 1^ of the resultant mixture was loaded on S3 TLC plates. The plates were 
developed with the mobile phase M3. The spots of surfactants were detected and the RF 
values of separated surfactants were determined 
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For studying the effect of organic matter soil on the mobility of surfactants, organic 
matter was removed from the soil by adding 20 ml of hydrogen peroxide to about 20 gm 
soil taken in a beaker and left it overnight. After that soil was washed with double 
distilled water several times and left in an electrically controlled oven at 50°C for 24 h for 
drying. The soil so obtained was used in making soil TLC plates and chromatography 
was performed as in (b). 
To investigate the effect of different cations and anions on the mobility of surfactants, 
sulphate ion was substituted by chloride, thiosulphate and nitrate ions while ammonium 
ion was substituted by zinc, manganese and copper ions. The chromatographic studies 
were performed with M10-M15 mobile phases. 
To study the effect of surfactant concentration on the separation efficiency, surfactant 
solutions of two different concentrations, one higher than 0.5 % i.e. 1% and one lower 
than 0.5 % i.e. 0.25 % were used for chromatographic studies with M^ - S3 systems. 
To establish the minimum and maximum amount of DTAB separable from mixture of 
surfactants, S3 TLC plates were spotted with increasing volume of the aliquot (0.5 % 
surfactant) starting from 0.50 fil and going upto 3.5 \i\ and chromatographic studies were 
performed with M3. 
The stability of the colour intensity of surfactants spots on the chromatogram was 
observed visually. The developed chromaloplates were protected from light and the spot 
intensities were compared allcr every 12 li for a period of 100 h. 
To investigate the stability (ageing effect) on the mixture of all surfactants under study, 
the mixture was chromatographed using M3 - S3 system after every 24 h for the duration 
of 10 days. The RF values of separated spots (RF DTAB = 0.66 and the RF others 0.09) so 
obtained after every 24 h were compared with the values obtained from the freshly 
prepared mixture. 
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The reproducibility of Ri values was checked by determining the Rp of the same sample 
by three independent analysts and by the same analyst on different days under identical 
experimental conditions, in the same laboratory, using the same apparatus. 
RESULT AND DISCUSSION 
In present study, aqueous solutions of urea (0.1 and 1.0M) and ammonium sulphate (0.1, 
0.5, 1.0, 1.5, 2.0, 2.5, 3.0 M) solutions were used as eluents. The results show the 
following trends: 
a) Urea as eluent 
When chromatographic studies were performed on Si - S4 surfactants showed 
strong adsorption towards all stationary phases and remained at the point of application in 
the form of highly compact spots. DTAB with Mi - S3 TLC system showed tailed (RL -
RT > 0.3) spot starting from the origin (R|.- = 0.38). This tailing disappeared on using MT 
as eluent instead of Mi and DTAB appeared at the point of application in the form of a 
circular spot. 
b) Ammonium sulphate as eluent 
When aqueous ammonium sulphate solutions (0.1 - 3.0 M) used as mobile phase, 
all surfactants except DTAB remained on the point of application on all stationary phases 
(S:-S4) with Mj (O.IM ammonium sulphate), DTAB moved upto the middle of the TLC 
(Ri 0.66) plalc coiilcd with S;. On liirllicr increasing the concentration of ammonium 
sulphate from 0.5 to 3.0 M (M4 - M9) it was found that the mobility (Rp) of DTAB on S3 
decrea.ses with the increase in ammonium sulphate concentration showing salting out 
effect (l-ig.I). The aforementioned finding is in accordance with the mechanism of 
hydrophobic interactions, since, as is known [43], increasing the concentration of the salt 
in water increases the surface tension resulting in increased hydrophobic interaction of 
the surfactant with the solvent (greater complex repulsion) and the sorbent (greater 
complex attraction ), respectively. 
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On considering the maximum mobility of DTAB on S3 witii M3, a TLC system 
comprising S3 as stationary phase and IVI3 as mobile phase (i.e. S3 - M3) was identified as 
most favourable system for selective separation of DTAB (cationic surfactant) from their 
complex mixture containing nonionic (brij-58, brij-78 and brij-98) as well as cationic 
(CPC, CTAB, CPB, TTAB and HTAC) surfactants. 
When mixture (containing DTAB and other surfactants under study) was 
chromatographed, DTAB moved from the origin (point of application) upto the middle of 
the plate (RF = 0.66) leaving all other surfactants (RF =0.09). Thus, DTAB was 
successfully selectively separated from other surfactants. 
During the studies, it was found that it was always possible to separate 0.5 to 7.5 \ig of 
DTAB from maximum amount of 7.5 ^g of all other surfactants. 
Stability is an important and essential validation parameter in TLC analysis. Highly 
sensitive samples should not decompose during development of the chromatogram and 
should be stable in solution and on the adsorbent. The intensity of the spots on the 
chromatogram should be constant for at least 1 h. No significant change in the intensities 
of spots was observed after storage of developed plates, protected from light for periods 
upto 72 h indicating good stability of the mixture on the adsorbent. 
Since no change in the RF values of the separated spots were observed when Rp values of 
separated spots ohlaincd from the freshly prepared mixture were compared with those 
obtained on 10 consecutive days, it was'concluded that the mixture has sufficient 
stability. 
Another imporlanl parameter is the reproducibility, defined as the precision under 
different conditions such as different analysis and dilTerent days. The variation in RF 
values measured by 3 different analysts and by the same analyst on 3 different days did 
not differ by more than 0.15 (± 15 %) from the average R|. value, indicating a good 
reproducibility. 
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Effect of organic matter of soil 
When soil, from which organic matter was removed, is used as stationary phase for the 
chromatography of surfactants, all surfactants showed same chromatographic behaviour 
as compared to that on soil with organic matter. So, it was concluded that in this 
combination of system (M3-S3) soil organic matter is irrelevant. 
Effect of surfactant concentration 
When 2.00 i^l of all surfactants of concentration 0.25 % (w/v) was spotted and 
chromatographed with S3 - IVI3 system, spots developed were either very light or not 
visible altogether and when same procedure was performed with 1 % (w/v) surfactant 
solutions, tailed spots were developed for all surfactants. So, it was concluded that 
surfactant solution of 0.5 % concentration was best suited for this study. 
Semi quantitative determination by spot area measurement 
An attempt has been made for semiquantitative determination of DTAB by spot area 
method. A relationship between spot area and microgram quantities of DTAB was found 
which follows the equation of straight line y = mx + c, where y is the spot area plotted on 
y - axis, x is the percentage solution of DTAB plotted on x - axis, m is the slope of the 
curve and c is the intercept which is zero in this case. Linear curve is obtained upto 8 % 
concentration and beyond which a negative deviation from linearity was noticed (Fig. 2). 
Effect of cations and anions 
No signillcant difference in the chromatographic behaviour of surfactants was noticed by 
the substitution ()rM3 with any of the mobile phase (Mio- M15). 
To present a clearer picture of separation of DTAB from other surfactants, some TLC 
properties such as F^r- (described above), capacity factor (K), separation factor (a), 
resolution (Rs) and number of theoretical plates (N) were calculated using eqs. 1 - 4: 
69 
K = 1 - RF (!) 
RF 
a = K of other surfactants (2) 
KofDTAB 
Rs = Ax (3) 
Vi (d| + d.) 
N = 4Rs. fa1 n+Kl (4) 
[a-1] [K] 
Where Ax is the distance between the centers of separated spots and di and d2 are their 
respective diameters. 
The values obtained for various TLC factors were 
K other surfactants = 10.1 
K (DTAB) = 0.5 
(X - 19.80 
Rs = 4.38 
N = 2988 
The quantity N can be regarded as an approximate measure of the separating efficiency of 
chromatographic plates. Larger N values mean more efficient chromatographic system. 
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The quantity Rs serves to define separation. When Rs = 1, the two spots are reasonably 
well separated. Rs values larger than 1 mean better separation. 
It is also known that with greater difference between capacity factors of solutes (K), 
greater separation factor (a) and better resolution (Rs) were observed. 
The values obtained for various TLC parameters clearly demonstrate the applicability of 
the proposed method for the selective separation of DTAB from other surfactants. 
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Studies on adsorption ^efiaviour of Amino fAcids 
through Soil Static phase Sy ^ hin Layer 
Chromatography 
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ABSTRACT 
Thin layer chromatography (TLC) has been used as an analytical technique for the 
identification and monitoring the adsorption behavior of 27 amino acids through soil 
static flat bed in contact of aqueous solutions of an inorganic electrolyte (ammonium 
sulphate) and an organic non-electrolyte (urea) at different concentration levels. Certain 
amino acids show salting-out and/or salting-in effects under limited concentration range 
of ammonium sulphate. As a result of differential adsorption, it was possible to separate 
closely related amino acids from their mixtures on soil bed using O.IM solutions of 
ammonium sulphate and urea. In addition to the simultaneous separation of glycine from 
arginine and glutamic acid, mutual separations of amino acids having non-polar side 
chains from amino acids having charged or ionic polar side chains (basic and acidic) were 
worth mentioning. Effects of particle size, activation temperature, irradition of soil by y-
rays and pH of the soil bed, on the mobility sequence of amino acids were also examined. 
The most fascinating aspect of present study is the investigation of adsorption behavior of 
amino acids in ihc presence of cationic, anionic and non-ionic surfactants at their 
different concentration levels. 
INTRODUCTION 
Several attractive features such as wider choice of mobile and stationary phases, 
flexibility in sample detection, open and disposable nature of TLC plates, reduced need 
of modern laboratory facilities and the capability of handling large number of samples 
simultaneously have maintained the continuing popularity in the use of TLC as a versatile 
analytical technique since it's inception in 1938 by kmailov and Schraibcr who analysed 
certain medicinal plants on alumina thin layers [1 ]. 
Over the years, thin layer chromatography (TLC) has become a preferred analytical 
method for identification and separation of closely related organic substances of 
pharmaceutical importance. It has been successfully applied in the analysis of amino 
acids using a variety of layer materials [2-18]. 
In 1968, Helling and Turner coupled favourable features of TLC and soil and developed 
a new technique known as soil TLC [19] which has been proved very useful in the 
investigation of the mobility of pesticides [20-25], trace elements [26] and heavy metal 
cations [27-33]. Mixed layers prepared from mixtures of silica gel and soil have also 
been utilised to understand the differential migration of pesticides [24} and heavy metals 
[26]. But soil TLC has not been fully utilized in the separation and identification of 
amino acids. 
The present study was taken up with the aim of understanding the mobility pattern of 
some amino acids through a static Hat soil phase in contact with aqueous salt solutions of 
ammonium sulphate (an inorganic electrolyte v^hich is used as fertilizer) and an organic 
fertilizer i.e. urea. Plant roots takes up nitrogen from the soil solution principally as 
nitrates (NOiD and ammonium ions (NH4 )^. The sulphate ion (S04^") is the form in 
which plant absorbs most of their sulphur from soil. Both urea and ammonium sulphate 
are used as fertilizer (i.e. source of nitrogen) and hence the present study involving the 
use of these organic and inorganic aqueous fertilizers in contact of static soil surface to 
monitor the mobility of amino acids is important. Another reason for selecting 
ammonium sulphate (source of nitrogen and sulphate ion) as mobile phase is it's 
capability of showing salting - out effect in the separation of amino acids on cellulose 
layers [34].The present study rellccts the usefulness of soil TLC in examining the uptake 
and translocation of amino acids in the soil. 
Based on dilTercniial migration, wc have obtained some important separations of amino 
acids specially the separation of L - cysteine from D, L - methionine (both S -
containing amino acids) using aqueous solution of urea as mobile phase. The separation 
of sulphur bearing amino acids is very important because both amino acids are necessary 
for human being but only methionine is considered an essential amino acid and could be 
taken from food and drugs whereas body forms cysteine under metabolic process of 
methionine present in adequate amount. Food and drugs are considered as contaminants, 
if cysteine is present even in small quantity and separating from methionine can identify 
it by the proposed TLC technique. 
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EXPERIMENTAL 
MATERIALS 
Ammonium sulphate, amino acids, N-cetyl-N, N-trimethylammonium bromide and 
sodium hydroxide (CDH, India); urea, 2, :2-dihydroxy-lH-indane-l, 3[2H]-dione ( 
ninhydrin), acetone, boric acid and sodium dodecyl sulphate (SDS) (Merck, India); Brij -
98 (Sigma- Aldrich, Germany) and phosphoric acid (Glaxo, India) were used. 
PREPARATIVE PROCEDURES 
The following amino acids were studied; glycine (Al), L-proline (A2), L- histidine (A3), 
L-glutamic acid (A4), L-lysinc (A5), L-tyrosine (A6), L-cystine (A7), L-cysteine (A8), L-
serine (A9). L-leucine (AlO), L-arginine (Al 1), L-ornithine (A12), L-alanine (A13), DL-
aspartic acid (14), DL-alanine (A 15), DL-valine (A 16), DL-phenylalanine (A 17), DL-
serine (A 18), DL- isoleucine (A 19), DL-norisoleucine (A20), DL-tryptophan (A21), DL-
2,amino n-butyric acid (A22), DL-methionine (A23), DL-threonine (A24), D-glutamic 
acid (A25), D-leucine (A26) and D-alanine (A27). 
Chromatographic studies were performed using I %( w/v) aqueous solution of the amino 
acids. Amino acids were detected using 0.3 %( w/v) ninhydrin solution prepared in 
acetone. Glass plates (20x3.5cm), glass jars (24x6cm),a pH meter [Elico model LI -
lOrj and micropipclte were used. All studies were performed using soil effort area 
(Aligarh,India) as the stationary phase and aqueous solutions of ammonium sulphate 
(0.1,0.3,0.5,0.7 and 0.9 M ) and urea (0.1 and 0.9 M) as mobile phases. 
PREPARATION OF SOIL TLC PLATES 
A sample of natural, uncultivated soil was collected from the soil surface horizon ( 0-20 
cm deep) . The sample was dried, grounded and passed through 100 meshes (BSS) size 
sieve to get uniform particle size. The physico-chemical properties of soil (used as 
stationary phase) in present study were summarized in Table 1. 
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To prepare soil TLC plates, soil sample was slurried mechanically for 5 minutes after 
mixing with double distilled water in 1:3 ratio. The resultant homogenous slurry was 
spread onto 20 x 3.5 cm glass plates as 0.25 mm thick layer. The plates were air dried at 
room temperature (30 ± 2°C) and stored in an air tight chamber until used. 
CHROMATOGRAPHIC PROCEDURES 
Test solutions (approx. I \x\) were applied on TLC plates with the help of micropipette at 
a distance of 2cm above the lower edge of the plates. The spots were dried at room 
temperature before development. . The plates were covered by the filter paper upto 1.5 
cm soaked in the mobile phase so as to avoid the disintegration of soil as soon as it comes 
in contact with the mobile phase. The solvent ascent was fixed at 10 cm in all cases. The 
glass jars containing mobile phase (approx. 15 ml) were covered with lids and left for 10 
minutes for saturation before introducing the plates for development. The plates were 
developed in the chosen solvent system by the ascending technique. After development, 
the plates were withdrawn from glass jars and dried at room temperature. After drying, 
the plates were sprayed with detector i.e. ninhydrin solution. Amino acids were detected 
as pinkish - red/brick - red spots. The retention sequence of amino acids by soil phase 
under different experimental conditions was measured in terms of retardation factor (i.e. 
Rp value). For Rp value, the R^  (Rp of leading front) and RT (RF of trailing front) values 
for each spot were determined and the RK value was calculated as 
I<i^  = (R.. + RT)XQ.5 
10 
The results obtained have been, in most cases presented in the form of A Rp value which 
is the difference between the Rp values of amino acids obtained in two different systems 
[A Rp = Rp in system A - Rp in system B]. 
To effect their separation, equal volumes of amino acids (1% w/v) to be separated were 
mixed and I )il of the resultant mixture was loaded on TLC plates. The plates were 
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developed to 10 cm height, the spots were detected and the Rp values of the separated 
amino acids were determined. 
To examine the adsorption behavior of amino acids in the presence of surfactants, 1 ml 
of cationic, non-ionic or anionic surfactant solution (prepared in methanol) at surfactant 
concentration levels (10' M , below critical micelle concentration, CMC value and 10" M 
above CMC value) were mixed separately with 1 ml of amino acid (1% w/v). After 
thorough mixing, 1 \i\ of the resultant mixture was spotted on TLC plates and the 
chromatography was performed, 
i) amino acid plus surfactant (10" M) 
ii) amino acid plus surfactant (lO'^ M) 
The RF values of all amino acids above were determined using O.IM urea as mobile 
phase. From the obtained Rj- values, A RF) (RF of pure amino acid - Rp of amino acid in 
the presence of IO""'M surfactant) and A RF2 (RF of pure amino acid - Rp of amino acid in 
the presence of lO'^ M surfactant) values were determined. The surfactants at 
concentration of 10"^ M and 10"^ M were intentionally used in view of the fact that at lower 
concentration (iO" M) nonionic surfactant behave as monomer whereas cationic and 
anionic surfactant behave as electrolyte while above CMC (IC'^ M) surfactant molecules 
are aggregated to form micelles which behave differently than their behavior below the 
CMC values. 
RESULTS AND DISCUSSION 
Fig.l (a-e) illustrates the dependency of RF values on the concentration of ammonium 
sulphate. The amino acids can be divided into the following groups according to their 
chromatographic behavior. 
Amino acids such as Al, A9, A13 and A26 showed an irregular chromatographic 
behavior. The RF values of these amino acids follow the path which is routed through one 
minima at 0.5 M ammonium sulphate and two maxima, first at 0.3 M and the second at 
0.7 M ammonium sulphate (Fig. la). 
Amino acids such as A4, A16, A21, A24 and A25 showed a decrease in RF value on 
increasing of the ammonium sulphate concentration followed by an increase in RF value 
with a further increase in the concentration of ammonium sulphate. Thus, these amino 
acids show only one minima (Fig. lb). 
Amino acids such as Al8 and A19 showed an increase in Rr value with the increase in 
ammonium sulphate concentration (Fig. Ic). 
Amino acids such as A14 and A15 showed no significant change in their RF values till 
the concentration of ammonium sulphate iS reached to the level of 0.7 M. However, 
sudden increases in their Rl- values were observed on increasing the concentration of 
ammonium sulphate from 0.7 to 0.9 M (Fig. Id). 
Amino acid like A22 showed a different behaviour. It's Rp value first decreased with an 
increase in ammonium sulphate concentration and then increased followed by further 
decrease with the increase of concentration of ammonium sulphate. (Fig.le). 
The aforementioned behavior of amino acids showing minima and maxima in Fig. 1 are 
indicative of salting-out (decrease in Rp value with an increase in salt concentration) and 
salting-in (increase in Rp value with an increase in salt concentration) effects for certain 
amino acids within limited concentration range of ammonium sulphate. 
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Fig. 2(a-c) more clearly demonstrated the dependence of Rm [ Rm = log { 1 - RF }'^\- ] 
value of L-lysine, L - arginine and L - ornithine on the molarity of ammonium sulphate 
in the mobile phase. It is evident from the data summarised in Table 2 that the mobility of 
A4, A6, A7, A9, AlO and A21 amino acids increased with an increase in concentration of 
urea in the mobile phase. The tailed spots of A6 and A7 produced at lower concentration 
of urea (0.1 M) were transformed into well-shaped compact spots at higher concentration 
of urea (0.9 M). The mobility of other amino acids remained almost unchanged 
irrespective of the concentration of urea in the mobile phase. 
In view of differential adsorption efficiencies of amino acids on soil layer developed with 
O.IM ammonium sulphate and urea, a detailed study was performed with these aqueous 
mobile phase systems. The results presented in Table 2 clearly indicated that amino acids 
in various combinations can be resolved on soil layer from their binary mixtures. 
However, a three-component mixture consisting of glycine, L-arginine and D-glutamic 
acid can be resolved on soil phase if 0.1 M ammonium sulphate is used as mobile phase 
(figure 3). Table 3 shows the various experimentally achieved separations on soil layer. 
It is evident that in all cases, L-lysine, L-arginine and L-ornithine are strongly adsorbed 
on soil bed and remained close to the point of application when soil TLC plates were 
developed with O.I M urea. It is therefore concluded that with 0.1 M urea as eluant, L -
lysine, L-arginine and L-ornithine were not passed through soil static phase and the 
bioavailability of these amino acids to the plant is not possible. Conversly, glycine (Al), 
L-alaiiinc (A 13) and DL-alanine (A 15) showing significant mobility (Rp range 0.6 - 0.8) 
were easily transportable through the soil layer and thus are available for assimilation by 
plants. The strong adsorption of L-lysine, L-arginine and L-ornithine may be due to the 
electrostatic attraction of these amino acids on soil bed. 
NH2 NH2 
I I 
[ 3 - i lliN (CIL)., - C-COCr -^ [ >-NI I3 - (CH;)., - C - COO" 
soil colloid soil colloid 
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The substitution of 0.1 M urea by ammonium sulphate (O.IM) as mobile phase led to the 
enhanced mobility of almost ail amino acids. It is due to the fact that ammomium 
sulphate being an electrolyte promoted the mobility of amino acids in comparison to urea 
that remained in molecular form in aqueous medium. 
Results presented in Fig. 4 more clearly demonstrated the effect of ammonium sulphate 
as mobility accelerator for amino acids as compared to urea. This figure is constructed by 
plotting A R|. (RK of amino acids in O.I M ammonium sulphate minus Rp in 0.1 M urea) 
versus amino acids. The positive A Rp values are indicative of enhanced mobility (or 
decreased adsorptivity) of amino acids in ammonium sulphate. Thus, if amino acids were 
to be transported through soil bed, an electrolyte like ammonium sulphate should be 
preferred as mobile phase over a molecular organic compound like urea. However, 
aspartic acid, valine and isoleucine showed almost identical adsorption behavior in both 
urea and ammonium sulphate systems. 
EFFECT OF SURFACTANTS ON THE MOBILITY OF 
AMINO ACIDS 
EFFECT OF CATIONIC SURFACTANT (CTAB) 
a) Mixture of amino acids + CTAB (above CMC) 
Only two amino acids namely L-leucine and D-alanine showed positive A Rp values, 
while in case of the rest of amino acids studied, A Rp values were found to be 
negative, the maximum being in the case of D-leucine and DL-phenylalanine 
(Fig.Sa). 
b) Mixture of amino acids + CTAB (below CMC) 
In this case, positive A Rp values were obtained for L-alanine (A Rp = + 0.08), DL-
valine (A Rp = + 0.06) and DL-nor-isoleucine (A Rp = + 0.07). All other amino acids 
showed either no change in their mobility or showed negative A Rp values, the most 
pronounced effect in reduction of Rp value was for L-serine (A Rp = - 0.17)(Fig.5b). 
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EFFECT OF NONIONIC SURFACTANT (BRIJ- 98) 
a) Mixture of amino acids + Brij-98 (above CMC) 
DL-alanine showed the maximum positive A Rp value (A Rp = + 0.13) while L-
leucine, DL-aspartic acid, DL-nor-isoleucine and D-alanine showed nominal positive 
A RF values (A Rf.- = + 0.03 ~ + 0.05). The highest magnitude of negative A Rp value 
was observed for L-glutamic acid (A RF = - 0.22) while other amino acids showed A 
RF in the range of ± 0.06(Fig.6a). 
b) Mixture of amino acids + Brij- 98 (below CMC) 
None of the amino acids showed significant positive A Rp values. The noticeable 
change in Rp value was found for L-glutamic acid (A RF = - 0.11). Other amino acids 
showing negative A Rp values were L-serine, DL-aspartic acid, DL-alanine and D-
leucine(Fig.6b). 
EFFECT OF ANIONIC SURFACTANT (SDS) 
a) Mixture of amino acids + SDS (above CMC) 
The maximum impact of SDS on the Upvalues of amino acids was noticed in the case 
of DL-tryptophan where the magnitude of A Rp was - 0.23. Other amino acids 
showing negative A Rp values in the range of 0.05 - 0.10 were D-alanine (-0.06), L-
glutamic acid or DL-phenylalanine (-0.07), D-leucine (-0.08), DL-methionine (-0.09) 
and DL-thrconinc (- 0.10). A slightly higher negative A Rp values for D-serine (A Rp 
== - 0.15) and D-glutamic acid (A Rp = - 0.15) were noticed (Fig.7a) 
b) Mixture of amino acid + SDS (below CMC) 
Positive A Rp values were found for DL-aspartic acid and DL-nor-isoleucine while 
maximum negative A Rp value was for L-cystine (-0.21). Other amino acids showing 
negative A Rp values in the range of 0.08 - 0.16 were D-alanine (-0.08), DL-threonine 
(-0.15), D-glutamic acid (-0.14) and D-serine (-0.12) (Fig.7b). 
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The positive ARF values were indicative of lowering of RF values (or increase in 
adsorption capacity of soil) of amino acids in the presence of surfactants whereas the 
negative ARp values were indicative of reverse effect i.e. increasing in Rp value of 
amino acids by the presence of surfactants. Thus, surfactants, if present in amino acids 
may increase or decrease the mobility of amino acids through soil static phase. In 
general, the mobilities of amino acids through soil layer were increased in the presence 
of cationic, anionic or non-ionic surfactants (Fig.5-7). Therefore, it may be concluded 
that surfactants can be utilized as mobility promoter for amino acids through soil. 
This study is useful in view that the soil is usually contaminated by surfactants 
commonly used in shampoos (anionic surfactants), textile industries as fabric softners 
(cationic surfactants), and heavy-duty laundry formulations (non-ionic surfactants). All 
these surfactants bring about a change in adsorption characteristics of the soil phase and 
thus influence the adsorption efficiency of soil. 
INFLUENCE OF VARIOUS FACTORS ON THE MOBILITIES OF 
AMINO ACIDS 
Effect of particle size 
Impact of particle size of the soil on the mobilities of amino acid was studied by using 
same soil of two different particle sizes viz. 100 mesh and 200 mesh sizes under identical 
experimental condition. The increase in the particle size of soil from 100 to 200 mesh 
size led to (a) increase in the development time by 15-20 minutes for the travel of 10cm 
by the mobile phase (0.1 M urea) and (b) increase in the compactness of spots along with 
slight decrease in RF values of all amino acids. Generally, the maximum reduction in RF 
value of an amino acid was 4% from the average value. The reduction in Rp values was 
due to the increase of amino acid holding capacity by soil as a result of increased surface 
area of particles. 
Effect of activation of plates 
For this, room temperature dried soil TLC plates were activated at 60°C for 30 minutes in 
an electrically controlled oven. Chromatographic studies were performed using these 
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plates and results obtained were compared with those obtained on room temperature 
(30°C) dried (or non activated) plates. The adsorption pattern of amino acids remained 
almost unaltered irrespective of the fact that whether amino acids were chromatographed 
on air -dried (30°C) or activated (60°C) soil TLC plates using O.IM urea as mobile phase. 
Effect of pH 
The pH of the soil was increased from 8.4 to 10.6 by using borate-phosphate buffer 
during the preparation of soil slurry. An examination of the effect of pH on the mobility 
pattern of amino acids through soil bed indicated that as the pH of the soil phase is 
increased from 8.4 to 10.6, RF values of all amino acids were increased. This fact may be 
attributed to the change of physical structure of soil. It had been reported [35] that the 
stabilized aggregate structure of soil changes into a dispersed structure less phase at high 
pH value. 
Effect of Irradiation of Soil by y-Rays 
Soil sample was irradiated by keeping it in front of y-rays source for 15 minutes and this 
soil was used in preparing soil TLC plates. Chromatographic studies were performed and 
results were compared with those obtained on non- radiated soil plates. No effect was 
seen on the mobility of amino acids chromatographed on y-irradiated soil TLC plates 
compared to the mobility on natural soil plates. 
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CONCLUSION 
The study undertaken showed that certain amino acids exhibit salting-in and salting-out 
phenomena on soil within limited concentration range of ammonium sulphate. The 
proposed chromatographic procedure allowed the separation of amino acids from their 
multi-component mixtures. The substitution of urea (O.IM) by ammonium sulphate 
(0. IM) as the mobile phase led to the enhanced mobility of almost all amino acids 
through soil bed. The presence of surfactant in the analyte promotes the mobility of 
amino acids through soil bed. Most favourable chromatographic system, for mutual 
separation of glycine, L-arginine and L-glutamic acid, constitutes O.lM-ammonium 
sulphate as mobile phase and soil as stationary phase. 
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Table 1. Physico -chemical properties of soil (used as stationary phase) 
Parameters Value 
Mechanical composition (%) 
Sand 
Silt 
Clay 
pH (soil: water- 1:5) 
Electrical conductivity (mMhos/cm) 
Exchangeable cations (meq/100 g soil) 
Na^ 
Ca^ ^ 
Mg^ ^ 
Available nitrogen (ppm) 
N H / 52.0 
N03' 40.0 
NO2" 6.0 
Organic matter (%) 0.47 
62.70 
24.25 
13.05 
8.4 
0.64 
0.50 
1.00 
3.50 
1.50 
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Table 2. Ri values (mobility) of amino acids at different concentration levels of 
Ammonium sulphate 
Amino 
acids 
O.IM 0.3M 0.5M 0.7M 0.9M 
A1 
•A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 
A12 
Ai3 
AI4 
A15 
A16 
A17 
A18 
A19 
A20 
A21 
A22 
A23 
A24 
A25 
A26 
A27 
0.66 (0.60)* 
N.D (N.D) 
N.D (N.D) 
0.85 (0.73) 
0.34 (0.04) 
N.D (0.33T) 
N.D (0.28T) 
N.D (0.41) 
0.74 (0.59) 
0.83 (0.80) 
0.25 (0.03) 
0.26 (0.06) 
0.79 (0.68) 
0.72 (0.74) 
0,72 (0.67) 
0.74 (0.76) 
0.74 (0.66) 
0.68 (0.61) 
0.75 (0.75) 
N.D (0.78) 
0.66 (0.49) 
0.82 (0.72) 
0.81 (0.65) 
0.81 (0.65) 
0.84 (0.71) 
0.78 (0.74) 
0.76 (0.67) 
0.70 
N.D 
0.68 
0.84 
0.50 
N.D 
N.D 
N.D 
0.75 
0.80 
0.43 
0.49 
0.84 
0.72 
0.70 
0.71 
T 
0.73 
0.75 
0.77 
N.D 
0.60 
0.76 
0.79 
0.73 
0.82 
0.85 
0.86 
0.64 
0.74 
0.66 
0.78 
0.56 
N.D 
N.D 
N.D 
0.68 
0.73 
0.51 
0.51 
0.69 
0.71 
0.72 
0.81 
0.73 
0.72 
0.77 
N.D • 
0.62 
0.80 
0.76 
0.76 
0.75 
0.71 
0.73 
0.75 
N.D 
N.D 
0.90 
0.70 
N.D 
N.D 
N.D 
0.81 
0.76 
0.72 
0.79 
0.90 
0.71 
0.74 
0.81 
0.76 
0.74 
0.79 
N.D 
0.62 
0.78 
0.74 
0.74 
0.91 
0.82 
0.79 
0.74 (0.64)* 
0.79 (N.D) 
N.D (0.53) 
0.86 (0.81) 
0.65 (0.06) 
N.D (0.69) 
N.D (0.56) 
N.D (N.D) 
0.80 (0.66) 
0.82 (0.86) 
0.58 (0.06) 
0.67 (0.06) 
0.87 (0.65) 
0.76 (N.D) 
0.82 (0.65) 
0,83 (0.79) 
0.69 (0.68) 
0.78 (0.63) 
0.84 (0.78) 
N.D (0.77) 
0.69 (0.65) 
0.73 (0.71) 
0.78 (0.66) 
0.76 (0.69) 
0.87 (0.76) 
0.66 (0.73) 
N.D (0.63) 
*The values presented in bracket refer to the Ri- values of amino acids obtained in 
aqueous Urea soiulions. 
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Table 3. Separations of Amino acids experimentally achieved on soil - layer 
Mobile 
Phase 
Amino Acids Separated Remark 
0.1M urea glycine (0.59) - L - glutamic acid (0.84),L -
cysteine (0.56)- L - glutamic acid (0.78),L -
cysteine (0.57) - D L - aspartic acid (0.80) 
O.IM urea L - arginine (0.09) - DL -aspartic acid (0.67),L -
arginine (0.10) - L - glutamic acid (0.78),L -
lysine (0.07) - L - glutamic acid (0.69),L - lysine 
(0.06) - DL - aspartic acid (0.66) 
0.1M urea glycine (0.73) - DL - isoleucine (0.90),glycine 
(0.69) - D - leucine (0.83),glycine (0.70) - DL -
valine (0.89),glycine (0.63) - L - leucine (0.81) 
0.1M urea L - arginine (0.05) - DL - methionine (0.45),L -
arginine (0.07) - DL-valine (0.81 ),L - arginine 
(0.05) - DL - isoleucine (0.90),L - lysine (0.06) 
- DL-isoleucine (0.79),L - lysine (0.07) - DL-
valine (0.78),L - arginine (0.06) - DL-
phenylalanine (0.78) 
0.1M urea L - lysine (0.08) - DL - methionine (0.69),L -
lysine (0.06)- L - cysteine (0.45),L- arginine 
(0.10) - L - cysteine (0.49),L - cysteine (0.55) -
D-glutamic acid (0.79),L - arginine (0.05) - DL -
methionine (0.69),L-lysine(0.06) - DL -
phenylalanine (0.77),L - arginine (0.07) - L -
alanine (0.77),L - arginine (0.10) ~ DL -
tryptophan (0.68),L - lysine (0.08) - DL -
tryptophan (0.72) 
0.1M urea 
O.IM 
ammonium 
sulphate 
O.IM 
ammonium 
sulphate 
0.3M 
ammonium 
sulphate 
L - cysteine (0.40) - DL - methionine (0.60) 
glycine (0.65) - L - alanine (0.83) 
glycine (0.29) - L - arginine (0.61) - D -
glutamic acid (0.76) 
L - histidine (0.49) - L - arginine (0.69) 
Separation of mono -
amino carboxylic acids 
from mono - amino 
dicarboxylic acids. 
Separation of mono -
amino dicarboxylic acids 
from dibasic 
monocarboxylic acids. 
Separation of simple mono 
- amino mono - carboxylic 
acid from branched chain 
mono- amino mono-
carboxylic acids. 
Separation of amino -
acids having non - polar 
side chains from amino 
acids having charged or 
ionic polar side chains 
(basic). 
Separation of amino acids 
having non - polar side 
chain from amino acids 
having charged or ionic 
polar side chain (acidic). 
Separation of sulphur 
containing amino acids. 
Mutual separation of 
simple mono - amino 
mono carboxylic acids. 
Simultaneous separation of 
mono - amino mono -
carboxylic acid from mono 
- amino dicarboxylic acid 
and dibasic mono 
carboxylic acids. 
Mutual separation of amino 
acids containing positively 
charged R group. 
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Fig. l(a-e)- BfTect of ammonium sulphate concentration on ttie mobility of amino acids 
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Fig.2a- Dependence of Rm of Lysine on the molarity of ammonium sulphate 
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Fig.2b- Dependence of Rm of Arginine on the molarity of ammonium sulphate 
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Fig.2c- Dependence of Rm of L-Ornithine on the molarity of ammonium sulphate 
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Fig.3- Chronialograni demonstrating simultaneous separation oi' mono-amino mono carboxylic 
acid (Al 1) from mono- amino dicarboxylic acid(A25) and dibasic mono- carboxylic acid. 
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Fig.4- Effect of substitution of 0.1 M urea by 0.1 M ammonium sulphate as mobile phase 
on the mobility of amino acids (A2-A8, A10 and A20 were not detected in one of the 
medium) 
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Fig.Sa 
Fig.Sa- Effect of cationic surfactants (above CMC) on the mobility of amino acids (A2, 
A3, A6-A9, A14, A18, A21 and A23 were not detected) 
< - 0 05 '^ * 
Amino acids 
Fig.Sb 
Fig.Sb- Effect of cationic surfactants (below CMC) on the mobility of amino acids (A2-
A4, A6-A8, A18 and A21 were not detected) 
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Amino acids 
Fig.6a 
Fig.6a- blTccl ofnonionic surfaclants (above CMC) on ihe mobility of amino acids (A2, 
A3 and A6-A8 were not detected) 
^ -0 05 
< 
Amino acids 
Fig.6b 
Fig.6b- Bffect ofnonionic surfactants (below CMC) on the mobility of amino acids (A2, 
A3, A6-A8, A13, A21 and A23 were not detected) 
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Fig.7a- Effect of anionic surfactants (above CMC) on the mobility of amino acids (A2, 
A3, A6-A9, A12, A13 and A18 were not detected) 
Amino acids 
Fig.7b 
Fig.7b- Effect of anionic surfactants (below CMC) on the mobiHty of amino acids (A2, 
A3, A6, A8, A13 and A21 were not detected) 
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